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IN THE UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF COLUMBIA 



ALPHA VAX, INC 
2 Triangle Drive 

Research Triangle Park, NC 27709 
Plaintiff, 



HON. JOHN J. DOLL 

Acting Under Secretary of Commerce for 

Intellectual Property and Acting Director 

of the United States Patent and Trademark Office 

Madison Building 

600 Dulaney Street 

Alexandria, VA 22313 

Defendant 



Civil Action No. 



COMPLAINT 

Plaintiff AlphaVax, Inc. ("AlphaVax"), for its complaint against Defendant the 
Honorable John J. Doll, states as follows: 



NATURE OF THE ACTION 

1. This is an action by the assignee of United States Patent No. 7,442,381 ("the c 381 
patent") seeking judgment, pursuant to 35 U.S.C. § 154(b)(4)(A) that the patent term 
adjustment for the '381 patent be changed from zero days to at least 1 156 days. 
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2. This action arises under 35 U.S.C. § 154 and the Administrative Procedure Act, 5 
U.S.C. §§ 701-706. 

THE PARTIES 

3. Plaintiff AlphaVax is a corporation organized, existing and doing business under 
and by virtue of the laws of the State of North Carolina, with its office and principal place 
of business located at 2 Triangle Drive, Research Triangle Park, NC 27709. 

4. Defendant John J. Doll is the acting Under Secretary of Commerce for Intellectual 
Property and acting Director of the United States Patent and Trademark Office ("PTO"), 
acting in his official capacity. The acting Director is the head of the PTO and is 
responsible for superintending or performing all duties required by law with respect to 
the granting and issuing of patents, and is designated by statute as the official responsible 
for determining the period of patent term adjustment under 35 U.S.C. § 1 54. 

JURISDICTION AND VENUE 

5. This Court has jurisdiction over the subject matter of this action and is authorized 
to issue the relief sought pursuant to 28 U.S.C. §§ 1331, 1338(a) and 1362; 35 U.S.C. § 
154(b)(4)(A) and 5 U.S.C. §§ 701-706. 

6. Venue is proper in this district pursuant to 35 U.S.C. § 1 54(b)(4)(A). 

7. This Complaint is being timely filed in accordance with 35 U.S.C. § 154(b)(4)(A). 
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BACKGROUND 

8. Plaintiff AlphaVax is the assignee of all right, title and interest in the '381 patent, 
as evidenced by records on deposit with the PTO, and is the real party in interest in this 
case. 

9. Jonathan F. Smith, Kurt I. Kamrud, and Jon O. Rayner are the inventors of the 
patent application serial number 10/804,33 1 ("the '33 1 application"). 

10. The '331 application was filed on March 19, 2004, and issued as the '381 patent 
on October 28, 2008, indicating a patent term adjustment of zero days. The '381 patent is 
attached hereto as Exhibit A. 

11. 35 U.S.C. § 1 54(b) requires that patent terms be adjusted to compensate for 
failures of the PTO to take certain actions on patent applications within designated time 
limits. Specifically, 35 U.S.C. § 154(b)(3)(D) states that "[t]he Director shall proceed to 
grant the patent after completion of the Director's determination of a patent term 
adjustment under the procedures established under this subsection, notwithstanding any 
appeal taken by the applicant of such determination." 

12. In calculating the patent term adjustment, the Director must take into account 
PTO delays under 35 U.S.C. § 154(b)(1), any overlapping periods in the PTO delays 
under 35 U.S.C. § 154(b)(2)(A), and any applicant delays under 35 U.S.C. § 
154(b)(2)(C). 

13. Under 35 U.S.C. § 1 54(b)(4)(A), "[a]n applicant dissatisfied with a determination 
made by the Director under paragraph (3) shall have remedy by a civil action against the 
Director filed in the United States District Court of the District of Columbia within 180 
days after the grant of the patent. Chapter 7 of title 5 shall apply to such action." 
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CLAIM FOR RELIEF 

14. The allegations of paragraphs 1-13 are incorporated in this claim for relief as if 
fully set forth herein. 

15. The currently challenged patent term adjustment of the '381 patent, as determined 
by the Defendant under 35 U.S.C. § 154(b), and listed on the face of the c 381 patent, is 
zero days. {See Exhibit A at 1). This determination of the zero day patent term 
adjustment is in error. Pursuant to 35 U.S.C. § 154(b)(1)(B), the PTO failed to allow an 
adjustment for the number of days the issue date of the '381 patent exceeds three years 
from the filing date of the application. The PTO also incorrectly calculated the applicant 
delay under 35 U.S.C. § 154(b)(2)(C). Therefore, the correct patent term adjustment for 
the c 381 patent is at least 1 156 days. 

16. Under 35 U.S.C. § 154(b)(1)(A), Plaintiff is entitled to an adjustment of the term 
of the '381 patent of 745 days, the number of days attributable to PTO examination delay 
("A Delay"). The A Delay consists of the following. First, a period of 741 days pursuant 
to 35 U.S.C. § 154(b)(1)(A) due to the PTO's failure to mail an action under 35 U.S.C. § 
132 not later than 14 months from the actual filing date of the application. This period 
consists of the length of time from September 8, 2005 (14 months after the filing date of 
the '674 patent application) to April 18, 2006 (the mailing date of a Restriction 
Requirement). Second, a period of 4 days pursuant to 35 U.S.C. § 154(b)(1)(A) due to 
the PTO's failure to issue a patent not later than 4 months after the date on which the 
issue fee was paid. This period consists of the length of time from October 24, 2008 (4 
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months after the issue fee was paid) to October 28, 2008 (the issue date of the '381 
patent). 

17. Under 35 U.S.C. § 154(b)(1)(B), Plaintiff is entitled to an additional adjustment of 
the term of the '381 patent of a period of 589 days, which is the length of time from 
March 19, 2007 (three years from the filing date of the application) to October 28, 2008 
(the issue date of the '381 patent) ("B Delay"). 

18. Section 35 U.S.C. § 154(b)(2)(A) states that "to the extent . . . periods of delay 
attributable to grounds specified in paragraph [154(b)(1)] overlap, the period of any 
adjustment granted under this subsection shall not exceed the actual number of days the 
issuance of the patent was delayed." For the '381 patent, the A Delay overlaps with the 
B Delay period by 76 days. Therefore, there is a period of 76 days overlap to be 
excluded for the patent term adjustment. 

19. Thus, the total period of PTO delay is 1258 days, which is the sum of the period 
of A Delay (745 days) and the period of B Delay (589 days) minus the overlap period (76 
days). 

20. Moreover, Defendant's determination that the period of the patent term 
adjustment for the '674 patent is zero days is in conflict with this Court's decision in 
Wyeth v. Dudas, Civ. Action No. l:07-cv-1492-JR, 2008 WL 4445642 (D.D.C. 
September 30, 2008), which explains the proper method for calculating patent term 
adjustments under 35 U.S.C. § 154(b). The Wyeth v. Dudas opinion is attached as 
Exhibit B. 
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21. Under 35 U.S.C. § 154(b)(2)(C), the total period of PTO delay is reduced by the 
period of applicant delay, which is 923 days as determined by the Defendant. This 
determination of the period of applicant delay is in error. 

22. The PTO calculated an applicant delay of 821 days from September 27, 2004 (the 
mailing date of a Notice of Incomplete Nonprovisional Application) to March 28, 2007 
(the date the filing fee was allegedly paid by Plaintiff). This calculation is in error as 
Plaintiff filed a response to the September 27, 2004 Notice, including payment of the 
filing fee, on November 24, 2004, within the three month response period under 35 
U.S.C. § 154(b)(2)(C). The PTO error appears to be due to the improper second entry of 
"Additional Application Filing Fees" on March 28, 2007. 

23. The proper period of applicant delay under 35 U.S.C. § 1 54(b)(2)(C) is 102 days, 
which is the 923 days of applicant delay calculated by the PTO minus the 821 days of 
applicant delay improperly assigned to Plaintiff. 

21 . Accordingly, the correct patent term adjustment under 35 U.S.C. § 154(b)(1) and 
(2) is 1 156 days, which is the difference between the total period of PTO delay (1258 
days) and the period of applicant delay (102 days). 
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WHEREFORE, Plaintiff respectfully prays that this Court: 

A. Issue an Order changing the period of patent term adjustment for the '38 1 
patent term from zero days to 1 156 days and requiring Defendant to alter the term 
of the '381 patent to reflect the 1 156 day patent term adjustment; and 

B. Grant such other and further relief as the nature of the case may admit or 
require and as may be just and equitable. 



Mary L. Miller, Esq. 

Myers Bigel Sibley & Sajovec, PA 

4140 Parklake Avenue, Suite 600 

Raleigh NC 27612 

(919) 854-1400 

Attorneys for Plaintiff 



Respectfully submitted, 



Dated: April 21, 2009 




Byron L. Pickard (D.C. Bar No. 499545) 
Sterne, Kessler, Goldstein & Fox PLLC 
1 1 00 New York Avenue, N. W. 
Washington, DC 20007 
(202)371-2600 
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EXHIBIT A 
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US007442381B2 

d2) United States Patent ( i<» Patent no.: us 7,442,381 B2 

Smith et ah (45) Date of Patent: Oct. 28, 2008 



(54) ALPHAVIRUS REPLICONS AND HELPER 
CONSTRUCTS 

(75) Inventors: Jonathan F. Smith, Cary, NC (US); 

Kurt I. Kamrud, Apex, NC (US); Jon 
O. Rayner, Apex, NC (US) 

(73) Assignee: AlphaVax, Inc., Research Triangle Park, 
NC (US) 

( • ) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 1 54(b) by 0 days. 

(21) Appl.No.: 10/804,331 

(22) Filed: Mar. 19, 2004 

(65) Prior Publication Data 

US 2007/0166820 Al Jul. 19, 2007 

Related US. Application Data 

(60) Provisional application No . 60/456, 1 96, filed on Mar. 
20, 2003. 



(51) 



(52) 
(58) 

(56) 



Int. a. 

A01N 63/00 (2006.01) 
A61K 39/12 (2006.01) 
C07H 21/04 (2006.01) 

U.S. CI 424/218.1; 536/23.1; 424/93.1 

Field of Classification Search None 

See application file for complete search history. 
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ABSTRACT 



The present invention provides a recombinant nucleic acid 
comprising: a first nucleic acid sequence encoding a 5' 
alphavirus replication recognition sequence; at least one sec- 
ond nucleic acid sequence encoding an alphavirus nonstruc- 
tural protein; at least one alphavirus subgenomic promoter, at 
least one IRES element; at least one heterologous nucleic 
acid; and a third nucleic acid encoding a 3' alphavirus repli- 
cation recognition sequence. Furtherprovided are methods of 
making alphavirus particles comprising a recombinant 
nucleic acid of this invention and methods of using the com- 
positions of this invention. Also provided is a recombinant 
helper nucleic acid comprising: a first nucleic acid sequence 
encoding a 5' alphavirus replication recognition sequence; an 
alphavirus subgenomic promoter, an IRES element; a second 
nucleic acid encoding an alphavirus structural protein; and a 
third nucleic acid encoding a 3' alphavirus replication recog- 
nition sequence. 
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Figure 1. Northern analysis of spacer-IRES replicon subgenomic RNAs 
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ALPHAVIRUS REPLICONS AND HELPER 
CONSTRUCTS 

RELATED APPLICATIONS 

The present application claims the benefit, under 35 U.S.C. 
§ 1 1 9(e), of U.S. provisional application Ser. No. 60/456, 1 96, 
filed Mar. 20, 2003, the entire contents of which are incorpo- 
rated by reference herein in their entirety. 

FIELD OF THE INVENTION 

The present invention relates to improved constructs for 
and methods of making recombinant alphavirus particles. 

BACKGROUND OF THE INVENTION 

In eukaryotes, two distinct mechanisms have evolved in 
cells to initiate translation. In one of them, the methyl-7- 
guanosine (5')pppN structure present at the 5* end of the 
mRNA (the "cap") is recognized by the initiation factor 
eIF4F, which is composed of eIF4E, eIF4G and elF4A. The 
formation of this "pre-initiation complex" requires, among 
other factors, the concerted action of initiation factor eIF2, 
responsible for binding to the initiator tRNA-Met,, and eIF3, 
which interacts with the 40S ribosomal subunit (Hershey & 
Menick. Translational Control of Gene Expression, pp. 
33-88, Cold Spring Harbor Laboratory Press, NY 2000). 

In the alternative mechanism, translation initiation occurs 
internally on the transcript and is mediated by an internal 
ribosome entry sequence (IRES) element that recruits the 
translational machinery to an internal initiation codon in the 
mRNA with the help of trans-acting factors (Jackson. Trans- 
lational Control of Gene Expression, pp. 127-184, Cold 
Spring Harbor Laboratory Press, NY 2000). IRES elements 
have been found in numerous transcripts from viruses that 
infect vertebrate, invertebrate, or plant cells, as well as in 
transcripts from vertebrate and invertebrate genes. 

During many viral infections, as well as in other cellular 
stress conditions, changes in the phosphorylation state of 
eIF2, which lower the levels of the ternary complex eIF2- 
GTP-tRNA-Met„ result in overall inhibition of protein syn- 
thesis. Conversely, specific shut-off of cap-dependent initia- 
tion depends upon modification of eIF4F functionality 
(Thompson & Samow. Currentt Opinion in Microbiology 3: 
366-370 (2000)). 

IRES elements bypass cap-dependent translation inhibi- 
tion; thus the translation directed by an IRES element is 
termed "cap-independent." I RES -driven translation initiation 
prevails during many viral infections, such as, for example, 
picomaviral infection (Macejak & Samow. Nature 353: 
90-94 (1991)). Under these circumstances, cap-dependent 
initiation is inhibited or severely compromised due to the 
presence of small amounts of functional eIF4F. This is caused 
by cleavage or loss of solubility of eIF4G (Gradi et al. Pro- 
ceedings of the National Academy of Sciences, USA 95: 
1 1089-11094 (1998));4E-BPdephosphorylation(Gingraset 
al. Proceedings of the National Academy of Sciences, USA 
93: 5578-5583 (1996)) or poly( A)- binding protein (PABP) 
cleavage (Joachims et al. Journal of Virology 73: 718-727 
(1999)). 

Alphavirus vectors that express a nucleic acid of interest 
(NOI) at varying levels have been described. All of these 
examples describe modification of the alphavirus non-struc- 
tural protein genes or of the 26S (subgenomic) promoter to 
regulate vector replication or transcription from the subge- 
nomic promoter. Examples include mutations in the non- 
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structural protein genes that increase or decrease subgenomic 
RNA transcription or alter genomic RNA replication, result- 
ing in modified NOI expression. Control of protein expres- 
sion from an alphavirus vector, at the level of translation of the 

5 subgenomic mRNA, has not been described previously. 
The present invention provides alphavirus replicon and 
helper vectors engineered to control the expression of one or 
more heterologous nucleic acid sequences at the level of 
protein translation via a cap- independent mechanism under 

to me direction of an IRES element. 

SUMMARY OF THE INVENTION 

In one embodiment, the present invention provides a 

1 5 recombinant replicon nucleic acid comprising: a first nucleic 
acid sequence encoding a 5* alphavirus replication recogni- 
tion sequence, at least one second nucleic acid sequence 
encoding an alphavirus nonstructural protein, at least one 
alphavirus subgenomic promoter, at least one IRES element, 

20 at least one heterologous nucleic acid, and a third nucleic acid 
encoding a 3' alphavilus replication recognition sequence, 
and an alphavirus packaging signal which allows the replicon 
to be packaged into particles. 
In another embodiment, the present invention provides a 

25 recombinant helper nucleic acid comprising: a first nucleic 
acid sequence encoding a 5* alphavirus replication recogni- 
tion sequence, an alphavirus subgenomic promoter, an IRES 
element, a nucleic acid encoding one or more than one 
alphavirus structural protein, and a third nucleic acid encod- 

30 ing a 3 1 alphavirus replication recognition sequence. 

Also provided herein is an alphavirus particle comprising 
an alphavirus replicon RNA comprising the recombinant rep- 
licon nucleic acid of this invention. In a further embodiment, 

35 provided herein is a population of infectious, defective, 
alphavirus particles, wherein each particle contains an 
alphavirus replicon RNA comprising a recombinant replicon 
nucleic acid of this invention. In some embodiments, the 
invention provides a population of infectious, defective 

^ alphavirus particles wherein each particle contains an 
alphavirus replicon RNA comprising a recombinant replicon 
nucleic acid of this invention, and the population has no 
detectable replication-competent virus, as measured by pas- 
sage on cell culture. In specific embodiments, the particles of 

45 this invention can contain one or more attenuating mutations. 
In addition, pharmaceutical compositions are included, 
which comprise the particles and populations of this inven- 
tion in a pharmaceutically acceptable carrier. 

In other embodiments, the present invention provides a 

50 method of making infectious, defective alphavirus particles, 
comprising: (a) introducing into a population of cells (i) a 
recombinant replicon nucleic acid of this invention; and (ii) 
one or more helper nucleic acid(s) encoding alphavirus struc- 
tural proteins; wherein all of the alphavirus structural proteins 

55 are provided in the cells; and (b) producing said alphavirus 
particles in the population of cells. The method of this inven- 
tion can further comprise the step of collecting said alphavi- 
rus particles from the cells. 

In some embodiments, the helper nucleic acid of this inven- 

60 tion can also be a recombinant replicon nucleic acid of this 
invention. For example, a recombinant nucleic acid of this 
invention can comprise, as a heterologous nucleic acid and/or 
in addition to a heterologous nucleic acid, a nucleic acid 
sequence encoding one alphavirus structural protein or more 

65 than one alphavirus structural protein. In such embodiments, 
the recombinant replicon nucleic acid is considered to be a 
recombinant replicon helper nucleic acid, which can be 
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present in a cell with other helper nucleic acids and/or other 
recombinant nucleic acids of this invention. 

Thus, in a specific embodiment, the recombinant replicon 
nucleic acid of this invention further encodes an alphavirus 
structural protein or more than one alphavirus structural pro- 5 
tein. This recombinant replicon nucleic acid can be intro- 
duced into a population of cells together with one or more 
helper nucleic acids, such that the recombinant replicon 
nucleic acid and the helper nucleic acid(s) produce all of the 
alphavirus structural proteins, and the recombinant replicon to 
nucleic acid is packaged into particles in said cells. 

Additionally provided are methods of eliciting an immune 
response in a subject, comprising administering to the subject 
an immunogenic amount of the nucleic acids, vectors, par- 
ticles populations and/or compositions of this invention. 15 

In further embodiments, the present invention provides a 
recombinant nucleic acid comprising: a promoter that directs 
transcription of a nucleic acid; an IRES element; and a nucleic 
acid comprising a coding sequence, wherein the IRES ele- 
ment is operably located such that translation of the coding 20 
sequence is via a cap-independent mechanism directed by the 
IRES element and not via a cap-dependent mechanism. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a northern blot of spacer-IRES replicon sub- 25 
genomic RNAs. 

DETAILED DESCRIPTION OF THE INVENTION 

As used herein, "a," "an** and "the" can mean one or more 30 
than one, depending on the context in which it is used. As 
examples, "a cell" can mean one cell or multiple cells; and "a 
heterologous nucleic acid" can mean one heterologous 
nucleic acid or multiple heterologous nucleic acids. 

The present invention is based on the surprising and unex- 35 
pec ted discovery that transcription of a nucleic acidand trans- 
lation of the nucleic acid can be uncoupled. Thus, in one 
embodiment, the present invention provides a recombinant 
nucleic acid comprising: a promoter mat directs transcription; 
an IRES element; and a coding sequence, wherein the IRES 40 
element is operably located such that translation of the coding 
sequence is via a cap-independent mechanism directed by the 
IRES element and not via a cap-dependent mechanism. For 
the purposes of this invention, the term 'transcription" 
includes the production of RNA from an alphavirus subge- 45 
nomic promoter of a recombinant replicon nucleic acid, 
which can itself be an RNA molecule. That is, the subgenomic 
promoter on a recombinant replicon RNA molecule of this 
invention can direct the transcription of a messenger RNA 
encoding a heterologous NOI. Separately, the recombinant 50 
replicon nucleic acid can be "replicated," i.e., copied from the 
5' replication recognition sequence through to the replication 
recognition sequence. 

In other embodiments, the present invention provides a 
recombinant replicon nucleic acid comprising: a first nucleic 55 
acid sequence encoding a 5' alphavirus replication recogni- 
tion sequence, at least one second nucleic acid sequence 
encoding an alphavirus nonstructural protein, at least one 
alphavirus subgenomic promoter, at least one IRES element, 
at least one heterologous nucleic acid, and a third nucleic acid 60 
encoding a 3* alphavirus replication recognition sequence. In 
certain embodiments, the recombinant replicon nucleic acid 
further comprises an alphavirus packaging signal so that the 
replicon can be packaged into particles. In further embodi- 
ments, the recombinant replicon nucleic acid can comprise a 65 
spacer nucleic acid sequence that can be located upstream of 
an IRES element. 
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It is understood that in various embodiments, the elements 
of the recombinant replicon nucleic acid of this invention can 
be present in the order listed herein and/or present in any 
order. Thus for example, in one embodiment, the present 
invention provides a recombinant replicon nucleic acid com- 
prising, in the following order a first nucleic acid sequence 
encoding a 5* alphavirus replication recognition sequence, at 
least one second nucleic acid sequence encoding an alphavi- 
rus nonstructural protein, at least one alphavirus subgenomic 
promoter, at least one IRES element, at least one heterologous 
nucleic acid, and a third nucleic acid encoding a 3' alphavirus 
replication recognition sequence 

As used herein, a "5* alphavirus replication recognition 
sequence" and "3' alphavirus replication recognition 
sequence" are 5' and 3' sequences (the 5* and 3' designations 
referring to their location in the alphavirus nucleic acid), 
which control replication of an alphavirus genome. In certain 
embodiments, either or both the 5' and 3' alphavirus replica- 
tion recognition sequences can be truncated at either end, 
provided that their function in replication of an alphavirus 
genome remains intact. 

Also as used herein, "at least one second nucleic acid 
sequence encoding an alphavirus nonstructural protein" 
includes a nucleic acid sequence that encodes at least one, and 
possibly more than one, alphavirus nonstructural protein. For 
example, a second nucleic acid sequence of mis invention can 
be a contiguous nucleotide sequence encoding alphavirus 
nonstructural proteins nspl , nsp2, nsp3 and nsp4, a contigu- 
ous nucleotide sequence encoding alphavirus nonstructural 
proteins nspl, nsp2 and nsp3, a contiguous nucleic acid 
encoding alphavirus nonstructural proteins nsp2, nsp3 and 
nsp4, a contiguous nucleic acid encoding alphavirus non- 
structural proteins nspl and nsp2, a contiguous nucleic acid 
encoding alphavirus nonstructural proteins nsp3 and nsp 4, a 
contiguous nucleic acid encoding alphavirus nonstructural 
proteins nsp2 and nsp3, a nucleic acid encoding alphavirus 
nonstructural protein nspl, a nucleic acid encoding alphavi- 
rus nonstructural protein nsp2, a nucleic acid encoding 
alphavirus nonstructural protein nsp3, a nucleic acid encod- 
ing alphavirus nonstructural protein nsp4 and/or any combi- 
nation and/or order thereof, such that the recombinant repli- 
con nucleic acid comprises nucleotide sequences encoding 
nspl , nsp2, nsp3 and nsp4 in total 

In particular embodiments, the recombinant replicon 
nucleic acid of this invention can comprise nucleic acid 
encoding one or more alphavirus nonstructural proteins in 
any combination and in any location relative to one another, 
such that the recombinant replicon nucleic acid comprises 
nucleotide sequences encoding nspl , nsp2, nsp3 and nsp4 in 
total. For example, a recombinant replicon nucleic acid of this 
invention can comprise, in the following order: a first nucleic 
acid sequence encoding a 5* alphavirus replication recogni- 
tion sequence, a second nucleic acid sequence encoding 
alphavirus nonstructural protein nsp 1 , nsp2 and nsp3, at least 
one alphavirus subgenomic promoter, at least one IRES ele- 
ment, at least one heterologous nucleic acid, another second 
nucleic acid sequence encoding alphavirus nonstructural pro- 
tein nsp4, and a third nucleic acid encoding a 3* alphavirus 
replication recognition sequence 

As also used herein, an "alphavirus subgenomic promoter," 
"subgenomic promoter" or "26S promoter" is a promoter 
present in an alphavirus genome that directs transcription of a 
subgenomic message in a normal alphavirus replication pro- 
cess. The alphavirus subgenomic promoter can be truncated 
(e.g., to produce a minimal alphavirus subgenomic promoter) 
and/or modified such that its activity is reduced, maintained 
or increased, according to methods known in the art. 
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The recombinant nucleic acids of this invention can com- queen cell virus (GenBank accession # AF1 83905), Triatoma 

prise an internal ribosome entry sequence (IRES) element, virus (GenBank accession # AF 178440), Acyrthosiphon 

which directs translation of a nucleic acid into a protein via a pisum virus (GenBaik accession # AF024514), infectious 

cap-independent mechanism, as described herein and as is flacherie virus (GenBank accession # AB000906), and/or 

well known in the art. In particular in the recombinant repli- s Sacbrood virus (Genbank accession # AF092924). In addi- 

con nucleic acids of the present invention, control of nucleic tion, the present invention provides a synthetic IRES element, 

acid expression at the level of translation is accomplished by which can be designed, according to methods know in the art 

introducing an internal ribosome entry site (IRES) down- to mimic the function of naturally occurring IRES elements 

stream of a alphavirus 26S subgenomic promoter and (see Chappell et al. Proc Natl Acad Set USA. (2000) 97(4): 

upstream of the coding sequence to be translated. The IRES to 1536-41. 

element is positioned so that it directs translation of the In specific embodiments, the IRES element can be an 

mRNA, thereby minimizing, limiting or preventing initiation insect IRES element or other non-mammalian IRES element 

of translation of the mRNA from the methyl-7-guanosine that is functional in the particular helper cell line chosen for 

(5')pppN structure present at the 5' end of the subgenomic packaging of the recombinant alphavirus particles of this 

mRNA (the "cap**). This "IRES -directed," cap-independent is invention, but would not be functional, or would be minimally 

translation does not require or result in any significant modi- functional, in a target host cell. Insect virus IRES elements 

fication of alphavirus non- structural protein genes that could have evolved to function optimally within insect cells and 

alter replication and transcription. similarly mammalian-virus IRES sequences function opti- 

AJphavirus vectors designed to control the expression level mally inmammalian cells. Thus, control of translation can be 

of a heterologous nucleic acid without modulating (e.g., dis- 20 introduced into replicon vector systems by inserting insect 

turning, upsetting, perturbing, disrupting, increasing, virus-specific IRES elements into replicon RNAs. In this way, 

enhancing, reducing, minimizing) genome replication or sub- translation of heterologous NOIs from replicon vectors can 

genomic transcription have several advantages over earlier be regulated (attenuated) in mammalian cells and enhanced 

vector designs. First, modulating genome replication can within insect cells. This is useful for those NOIs that are either 

negatively affect VRP generation by limiting the number of 25 toxic to the packaging cell or are detrimental to the alphavirus 

genomic RNAs available for packaging into particles. Sec- packaging process. An alternative way to achieve this effect is 

ond, modulating subgenomic transcription by altering (e.g., to use a mammalian IRES element in the replicon vector that 

by truncation, deletion, addition and/or substitution) the 26S is packaged in an insect cell culture system, thereby also 

promoter can alter genomic RNA replication, again resulting avoiding possibly significant translation of the heterologous 

in limiting the number of genomic RNAs available for pack- 30 NOI during packaging. Without being held to a particular 

aging into particles. Third, alphavirus replication induces a hypothesis or theory, cellular factors and culture environment 

stress response in cells that can result in reduced cap-depen- may play a role in IRES activity and function. Therefore, it is 

dent translation of mRNAs. Switching from cap-dependent anticipated that additional levels of control/regulation of dif- 

translation of an alphavirus subgenomic mRNA to the cap- ferent IRES species within the same cell may be achieved 

independent mechanism provided by an IRES element mini- 35 through the supply/removal of certain cellular factors or by 

mizes this negative affect on NO! expression. changes in the culture environment (e.g., temperature) to 

An IRES element of the present invention can include, but preferentially direct translation to one IRES as compared to a 

is not limited to, viral IRES elements from picomaviruses, second. 

e.g., poliovirus (PV) or the human enterovirus 71, e.g. strains In some embodiments, the cellular environment of the 

7423/MS/87 and BrCr thereof; from encephalomyocarditis 40 helper or packaging cell line can be altered so that a specific 

virus (EMCV); from foot-and-mouth disease vims (FMDV); activity of the IRES is either enhanced or reduced. Typically, 

from flaviviruses, e.g., hepatitis C virus (HCV); from pestivi- IRES elements have evolved to function under conditions of 

ruses, e.g., classical swine fever vims (CSFV); from retrovi- cellular stress where increased levels of eIF-2alpha kinases 

ruses, e.g., murine leukemia virus (MLV); from lentiviruses, result in reduced cap-dependent translation and a reciprocal 

e.g., simian immunodeficiency virus (SIV); from cellular 45 increase in IRES -dependent translation/activity. Such condi- 

mRNA IRES elements such as those from translation initia- tions can be artificially induced in a cellular packaging sys- 

tion factors, e.g., eIF4G or DAP5; from transcription factors, tern so as to increase expression from chosen IRES elements 

e.g., c-Myc (Yang and Samow, Nucleic Acids Research 25: by a variety of methods including but not limited to hypoxia, 

2800-2807 (1997)) or NF-kB -repressing factor (NRF); from hypothermia, nutritional/amino acid starvation, ER stress 

growth factors, e.g., vascular endothelial growth factor 50 induction (e.g. using Thapsigargin), induction of interferon or 

(VEGF), fibroblast growth factor (FGF-2) and platelet-de- FKR elements (e.g., using poly IC), blockage of tRNA depen- 

rived growth factor B (PDGF B); from homeotic genes, e.g., dent synthesis (e.g. , using Edeine), or other general cell stres- 

Antennapedia\ from survival proteins, e.g., X-linked inlibitor sors known in the art, including but not limited to, hydrogen 

of apoptosis (XLAP) or Apaf-1 ; from chaperones, e.g., immu- peroxide and sorbitol. 

noglobulin heavy-chain binding protein BiP (Martinez-Salas 55 In other embodiments, IRES element-directed translation 
et al ., Journal of General Virology 82: 973-984, (2001 )), from of the NOI can be modulated, e.g., through the use of anti- 
plant viruses, as well as any other IRES elements now known sense siRNAs specific for the IRES clement/spacer or NOI 
or later identified. which can be transfected into, or transduced/transiently 
In certain embodiments, the IRES element of this invention expressed within the packaging cell by a number of standard 
can be derived from, for example, encephalomyocarditis 60 methods known in the art and described herein, 
virus (EMCV, GenBank accession # NC001479), cricket As another alternative, the expression of the NOI can also 
paralysis virus (GenBank accession U AF2 1 8039), Droso- be modulated by the use of ligand binding pairs, e.g., a nucleic 
phila C virus (GenBank accession # AF01 4388), Plautia stals acid element and a molecule (i.e. ligand) that binds to it (see, 
intestine virus (GenBank accession U AB00653 1), Rhopalo- for example, U.S. Pat. No. 6,242,259). Therefore, the present 
siphum padi virus (GenBank accession # AF022937), Hime- 65 invention also provides a recombinant replicon nucleic acid 
tobi P virus (GenBank accession # AB017037), acute bee comprising: a nucleic acid sequence encoding a 5' alphavirus 
paralysis virus (GenBank accession # AF) 50629), Black replication recognition sequence, one or more second nucleic 
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acid sequence(s) encoding an alphavirus nonstructural pro- 
tein, at least one alphavirus subgenomic promoter, at least one 
IRES element, a non- alphavirus nucleotide sequence which, 
when bound by a ligand alters transcription of the subge- 
nomic RNA and/or translation from the IRES, at least one 
heterologous nucleic acid, and a nucleic acid encoding a 3' 
alphavirus replication recognition sequence. 

As a specific embodiment, the ligand can be an RNA bind* 
ing protein (e.g., R17 coat protein), an antisense sequence, a 
dye (e.g., Hoechst dyes H33258 or H3342), and/or an antibi- 
otic (e.g. tobramycin or kanamycin). These can be introduced 
into or produced in the packaging cells by methods known to 
those in the art (see U.S. Pat. No. 6,242,259). 

As utilized within the context of the present invention, a 
reduction of either transcription of subgenomic RNA, or a 
reduction of translation of a NOI directed by the IRES, due to 
the action of a ligand binding to a non-alphavirus nucleotide 
sequence located in close proximity to the alphavirus subge- 
nomic promoter or IRES should be understood to refer to a 
statistically significant decrease of either transcription or 
translation, respectively, in the presence of the selected 
ligand. In some embodiments, the level of either transcription 
of subgenomic RNA or IRES-directed NOI translation in 
cells is reduced at least 25%, 50%, 75%, or 90%, or 3-fold, 
5-fold, or 1 0-fold as compared to the levels without the pres- 
ence of the binding ligand. A wide variety of assays that are 
known in the art can be utilized to assess a reduced level of 
transcription or translation, including for example, enzymatic 
assays of a reporter gene, northern blots, metabolic RNA 
labeling and the like. 

The recombinant replicon nucleic acids of this invention 
can comprise one or more IRES elements and in those 
embodiments comprising two or more IRES elements, the 
IRES elements can be the same or they can be different, in any 
order and/or combination. In specific embodiments, the 
recombinant replicon nucleic acid can comprise two or more 
"promoter-IRES-heterologous NOI cassettes" in which the 
promoter, IRES and heterologous NOI in each cassette can be 
either different or the same. Alternatively, the recombinant 
replicon nucleic acid can encode two or more NOls, one of 
which is controlled by a "promoter-IRES cassette," while the 
other NOI(s) can be controlled by a subgenomic promoter 
alone or by an IRES alone. 

The heterologous nucleic acid of this invention is a nucleic 
acid that is not present in the genome of a wild type alphavirus 
and/or is not present in the genome of a wild type alphavirus 
in the same order as it exists in a recombinant replicon nucleic 
acid of this invention. For example, in certain embodiments, 
the heterologous nucleic acid of this invention can encode one 
or more alphavirus structural proteins (e.g., C, PE2/E2, El, 
E3, 6K) and/or one or more alphavirus structural proteins in 
addition to a heterologous nucleic acid. When the recombi- 
nant replicon nucleic acid of this invention comprises nucleic 
acid encoding one or more alphavirus structural proteins, the 
recombinant replicon nucleic acid can function as a recom- 
binant replicon helper nucleic acid in the assembly of infec- 
tious, defective alphavirus particles, as described herein. 

The heterologous nucleic acid of this invention can encode 
a protein or peptide, which can be, but is not limited to, an 
antigen, an immunogen or immunogenic polypeptide or pep- 
tide, a fusion protein, a fusion peptide, a cancer antigen, etc. 
Examples of proteins and/or peptides encoded by the heter- 
ologous nucleic acid of this invention include, but are not 
limited to, immunogenic polypeptides and peptides suitable 
for protecting a subject against a disease, including but not 
limited to microbial, bacterial, protozoal, parasitic, and viral 
diseases. 
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In some embodiments, for example, the protein or peptide 
encoded by the heterologous nucleic acid can be an orth- 
omyxovirus immunogen (e.g., an influenza virus protein or 
peptide such as the influenza virus hemagglutinin (HA) sur- 
5 face protein or the influenza virus nucleoprotein, or an equine 
influenza virus protein or peptide), or a parainfluenza virus 
immunogen, or a metapneumovirus immunogen, or a respi- 
ratory syncytial virus immunogen, or a rhinovirus immuno- 
^ gen, a lentivirus immunogen (e.g., an equine infectious ane- 
mia virus protein or peptide, a Simian Immunodeficiency 
Virus (SIV) protein or peptide, or a Human Immunodefi- 
ciency Virus (HIV) protein or peptide, such as the HTV or SIV 
envelope GP160 protein, the HIV or SIV matrix/capsid pro- 
l5 teins, and the HTV or SIV gag, pol and env gene products). 
The protein or peptide can also be an arenavirus immunogen 
(e.g., Lassa fever virus protein or peptide, such as the Lassa 
fever virus nucleocapsid protein and the Lassa fever envelope 
glycoprotein), a picomavirus immunogen (e.g., a Foot and 
20 Mouth Disease virus protein or peptide), a poxvirus immu- 
nogen (e.g., a vaccinia protein or peptide, such as the vaccinia 
LI or L8 protein), an orbivirus immunogen (e.g., an African 
horse sickness virus protein or.peptide), a flavivirus immu- 
nogen (e.g., a yellow fever virus protein or peptide, a West 
25 Nile virus protein or peptide, or a Japanese encephalitis virus 
protein or peptide), a filovirus immunogen (e.g., an Ebola 
virus protein or peptide, or a Marburg virus protein or peptide, 
such as NP and GP proteins), a bunyavirus immunogen (e.g., 
RVFV, CCHF, and SFS proteins or peptides), or a coronavirus 
30 immunogen (e.g. , an infectiou s human coronavirus protein or 
peptide, such as the human coronavirus envelope glycopro- 
tein, or a porcine transmissible gastroenteritis virus protein or 
peptide, or an avian infectious bronchitis virus protein or 
peptide). The protein or polypeptide encoded by the heterolo- 
gous nucleic acid of this invention can further be a polio 
antigen, herpes antigen (e.g., CMV, EBV, HSV antigens) 
mumps antigen, measles antigen, rubella antigen, varicella 
antigen, botulinum toxin, diphtheria toxin or other diphtheria 
antigen, pertussis antigen, hepatitis (e.g., Hepatitis A, Hepa- 
titis B, Hepatitis C, Hepatitis D, or Hepatitis E) antigen, or 
any other vaccine antigen known in the art. 

As used herein, "eliciting an immune response" and 
"immunizing a subject" includes the development, in a sub- 
ject, of a humoral and/or a cellular immune response to a 
protein and/or polypeptide of this invention (e.g., an immu- 
nogen, an antigen, an immunogenic peptide, and/or one or 
more epitopes). A "humoral" immune response, as this term 
is well known in the art, refers to an immune response com- 
prising antibodies, while a "cellular" immune response, as 
this term is well known in the art, refers to an immune 
response comprising T-lymphocytes and other white blood 
cells, especially the immunog en-specific response by HLA- 
restricted cytolytic T-cells, i.e., "CTLs." A cellular immune 
response occurs when the processed immunogens, i.e., pep- 
tide fragments, are displayed in conjunction with the major 
histocompatibility complex (MHC) HLA proteins, which are 
of two general types, class I and class II. Class I HLA- 
restricted CTLs generally bind 9-mer peptides and present 
those peptides on the cell surface. These peptide fragments in 
the context of the HLA Class I molecule are recognized by 
specific T-Cell Receptor (TCR) proteins on T-lymphocytes, 
resulting in the activation of the T-cell. The activation can 
result in a number of functional outcomes including, but not 
limited to expansion of the specific T-cell subset resulting in 
destruction of the cell bearing the HLA-peptide complex 
directly through cytotoxic or apoptotic events or the activa- 
tion of non-destructive mechanisms, e.g., the production of 
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interferon/cytokines . Presentation of immunogens via Class I A "subject** of this invention includes, but is not limited to, 

MHC proteins typically stimulates a CD8+ CTL response. warm-blooded animals, e.g., humans, non-human primates, 

Another aspect of the cellular immune response involves horses, cows, cats, dogs, pigs, rats, and mice. Administration 

the HLA Class II -restricted T-cell responses, involving the of the various compositions of this invention (e.g, nucleic 

activation of helper T-cells, which stimulate and focus the 5 acids, particles, populations, pharmaceutical compositions) 

activity of nonspecific effector cells against cells displaying can be accomplished by any of several different routes. In 

the peptide fragments in association with the MHC molecules specific embodiments, the compositions can be administered 

on their surface. At least two types of helper cells are recog- intramuscularly, subcutaneous ly, intraperitoneally, intrader- 

nized: T-helper 1 cells (Thl), which secrete the cytokines. malty, intranasal^, intracranially, sublingualis intravagi- 

interleukin 2 (1L-2) and interferon-gamma and T-helper 2 10 nalfy intrarectally, orally, or topically. The compositions 

cells (Th2), which secrete the cytokines interleukin 4 (IL-4), herein may be adininistered via a skin scarification method, or 

interleukin 5 (IL-5), interleukin 6 (IL-6) and interleukin 1 0 transdermalty via a patch or liquid. The compositions can be 

(IL-1 0). Presentation of immunogens via Class II MHC pro- delivered subdermally in the form of a biodegradable material 

teius typically elicits a CD4# CTL response as well as stimu- that releases the compositions over a period of time. 

lationofB lymphocyte^ is ^compositions of this invention can be used prophylac- 

An immunogemc polypeptide, nnmunogenic peptide, ^ to t 0f ^ ^ tQ ^ ^sease. 

or immunogen as used heremmcludes any peptide, protein ^ ^ ^ infectious disease caused 

or polypeptide that elicits an immune response in a subject b v - bacteria, fungi or parasites, and cancer. Chronic 

andincertamem^ents,^ diseases involving the expression of aberrant or abnormal 

suitable for providing some degree of proton to a subject 20 prot eins or the ovlrap^sion of normal proteins, can also 

against a disease. Hiese terms can be used interchangeably ^ Alzheimer's, disease multiple sclerosis, 

wi* the term "antigen" stroke, etc. 

In certain embodiments, the immunogen of this invention 

can comprise, consist essentially of, or consist of one or more ™ e ^positions of this invention can be optimized and 

"epitopes" An "epitope" is a set ofarnino acid residues that is 25 combmed with other vaccination regimens to provide the 

involved in recognition by a particular immunoglobulin. In broad< f <» f ° f ^ ™» ^ponse including 

mecontextofTcells,anepitopeisdermedasmesetofamin^ ^ featuies ^ sc " bed ^ereuiabove) cellular and humoral 

acid residues necessary for recognition by T cell receptor ™P°™* possible. In certain emb«iiments, this can mclude 

proteins and/or MHC receptors. Inan immune system setting, of heterologous prune-boost strategies, m which toe 

in vivo or in vitro, an epitope refers to the collective features 30 compositions of this invention are used in combination w,th a 

of a molecule, such as primary, secondary and/or tertiary composmoncompnsmgoneormoreofthefollowmg: immu- 

peptide structure, and/or charge, that together form a site n0 S ens denved *™* a P 3 * 0 * 60 or *■*»• ^mbinant 

recognized by an immunoglobulin, T cell receptor and/or immunogens, naked nucleic acids, nucleic acids formulated 

HLAmolecule.mthecaseofaB-cell(antibody)epitope,itis ™* .^-containing moieties, non-alphayirus vectors (in- 

typicallyaimmmumof3-4aminoacids,preferablyatleast 5 9 35 * Iudm 8 but not t0 P ox vectors > adenoviral vectors, 

ranging up to approximately 50 amino acids. Preferably, the he ?f vectore > ™cdar stomatitis virus vectors, paramyx- 

humoral response-inducing epitopes are between 5 and 30 oviral vectors parvovirus vectors, papovavirus vectors, ret- 

amino acids, usually between 12 and 25 amino acids, and roviial vect t ors )* .** <f er alphavirus vectors. The vu^ vec- 

mostcoinmomybetweenl5and20aminoacids.Inthecase tors L can be v,rus - ,lke P art,cle * or nucle,c ^cids. The 

of a T-cell epitope, an epitope includes at least about 7-9 40 ^pbfvuus vectors can be rephcon-containmg particles 

amino acids, and for a helper T-cell epitope, at least about DNA-based rephcon-containmg vectors (somenmes referred 

12-20 amino acids. Typically, such a T-cell epitope will * " a ° ELVJ S system, see, for example, U.S. Pat. No. 

include between about 7 and 15 amino acids, e.g, 7, 8, 9, 1 0, 5,814,482) or naked RNA vectors. 

11, 12, 13, 14 or 15 amino acids. The compositions of the present invention can also be 

The present invention can be employed to express a nucleic 45 employed to produce an immune response against chronic or 

acid encoding an immunogenic polypeptide in a subject (eg., ktent infectious agents, which typically persist because they 

for vaccination) or for immunotherapy (e.g, to treat a subject feil to elicit a strong immune response in the subject. Illus- 

with cancer or tumors). Thus, in the case of vaccines, the trative latent or chronic infectious agents include, but are not 

present invention thereby provides methods of eliciting an limited to, hepatitis B, hepatitis C, Epstein-Barr Virus, herpes 

imm une response in a subject, comprising administering to 50 viruses, human immunodeficiency virus, and human papil- 

the subject an immunogenic amount of a nucleic acid, par- l° ma viruses. Alphavirus vectors encoding peptides and/or 

ticle, population and/or composition of this invention. proteins from these infectious agents can be administered to a 

It is also contemplated that the nucleic acids, particles, ce ^ or a subject according to the methods described herein, 

populations and pharmaceutical compositions of this inven- Alternatively, the immunogenic protein or peptide can be 

tion can be employed in methods of delivering a NOI of 55 any tumor or cancer cell antigen. Preferably, the tumor or 

interest to a cell, which can be a cell in a subject. Thus, the cancer antigen is expressed on the surface of the cancer cell, 

present invention provides a method of delivering a heterolo- Exemplary cancer antigens for specific breast cancers are the 

gous nucleic acid to a cell comprising introducing into a cell HER2 and BRCA1 antigens. Other illustrative cancer and 

an effective amount of a nucleic acid, particle, population tumor cell antigens are described in S. A. Rosenberg, (1999) 

and/or composition of this invention. Also provided is a 60 Immunity 10: 281 ) and include, but are not limited to, MART- 

method of delivering a heterologous nucleic acid to a cell in a 1/MelaiA, gplOO, tyrosinase, TRP-1, TRP-2, MAGE-1, 

subject, comprising delivering to the subject an effective MAGE-3, GAGE-1/2, BAGE, RAGE, NY-ESO-1, CDK-4, 

amount of a nucleic acid, particle, population and/or compo- (5-catenin, MUM-1 , Caspase-8, KIAA0205, HPVE&, SART- 

sition of this invention. Such methods can be employed to 1, PRAME, pi 5 and p53 antigens, Wilms* tumor antigen, 

impart a therapeutic effect on a cell and/or a subject of this 65 tyrosinase, carcinoembryonic antigen (CEA), prostate spe- 

invention, according to well known protocols for gene cific antigen (PSA), prostate-specific membrane antigen 

therapy. (PSMA), prostate stem cell antigen (PSCA), human aspartyl 
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(asparaginyl) ^-hydroxylase (HAAH), and EphA2 (an epi- Appropriate attenuating mutations will be dependent upon 

thelial cell tyrosine kinase, see International Patent Publica- the alphavirus used, and will be known to those skilled in the 

tionNo. WO 01/12172). art. Exemplary attenuating mutations include, but are not 

The immunogenic polypeptide or peptide of this invention limited to, those described in U.S. Pat. No. 5,505,947 to 

can also be a "universal** or "artificial" cancer or tumor cell 5 Johnston et al., U.S. Pat. No. 5,1 85,440 to Johnston et al., U.S. 

antigen as described in international patent publication WO Pat. No. 5,643,576 to Davis et al., VS. Pat. No. 5,792,462 to 

99/5 1 263, which is incorporated herein by reference in its Johnston et al and U.S. Pat . No. 5,639,650 to Johnston et al., 

entirety for the teachings of such antigens. the disclosures of each of which are incorporated herein in 

In various embodiments, the heterologous nucleic acid of their entireties by reference, 

this invention can encode an ami sense nucleic acid sequence, to In various embodiments of this invention, one or more of 

An "antisense** nucleic acid is a nucleic acid molecule (i .e., the alphavirus structural proteins of the alphavirus particles of 

DNA or RNA) that is complementary (i.e., able to hybridize this invention can comprise one or more attenuating muta- 

in vivo or under stringent in vitro conditions) to all or a tons, for example, as defined in U^. Pat Nos. 5,792,462 and 

portion of a nucleic acid (e.g., a gene, a cDNA and/or mRNA) 6,1 56,558. Specific attenuating mutations for the VEE El 

that encodes or is involved in the expression of nucleic acid 15 glycoprotein can include an attenuating mutation at any one 

that encodes a polypeptide to be targeted for inhibited or of El amino acid positions 81, 272 and/or 253. Alphavirus 

reduced production by the action of the antisense nucleic particles made from the VEE-3042 mutant contain an isoleu- 

acid. If desired, conventional methods can be used to produce cine substitution at El -Si , and virus particles made from the 

an antisense nucleic acid that contains desirable modifica- VEE-3040 mutant contain an attenuating mutation at El -253. 

tions. For example, a phosphorothioate oligonucleotide can 20 Specific attenuating mutations for the VEE E2 glycoprotein 

be used as the antisense nucleic acid to inhibit degradation of can include an attenuating mutation at any one of E2 amino 

the antisense oligonucleotide by nucleases in vivo. Where the acid positions 76, 120, or 209. Alphavirus particles made 

antisense nucleic acid is complementary to a portion of the from the VEE-3014 mutant contain attenuating mutations at 

nucleic acid encoding the polypeptide to be targeted, the both El-272 and at E2-209 (see U.S. Pat. No. 5,792,492). A 

antisense nucleic acid should hybridize close enough to the 5' 25 specific attenuating mutation for the VEE E3 glycoprotein 

end of the nucleic acid encoding the polypeptide such that it includes an attenuating mutation consisting of a deletion of 

inhibits translation of a functional polypeptide. Typically, this E3 amino acids 56-59. Virus particles made from the VEE- 

means that the antisense nucleic acid should be complemen- 3526 mutant contain this deletion in E3 (aa56-59) as well as 

tary to a sequence that is within the 5* half or third of the a second attenuating mutation at El -253. Specific attenuating 

nucleic acid to which it hybridizes. 30 mutations for the S.A.AR86E2 glycoprotein include an 

An antisense nucleic acid of this invention can also encode attenuating mutation at any one of E2 amino acid positions 

a catalytic RNA (i .e., a ribozyme) that inhibits expression of 304 , 3 1 4, 372, or 376. Alternatively, the attenuating mutation 

a target nucleic acid in a cell by hydrolyzing an mRNA can be a substitution, deletion and/or insertion of an amino 

encoding the targeted gene product. Additionally, hammer- acid in the E2 glycoprotein, for example, at any one or more 

head RNA can be used as an antisense nucleic acid to prevent 35 of the following amino acid positions in any combination: 

intron splicing. An anti sense nucleic acid of this invention can 1 58, 1 59, ] 60, 1 6 1 and 162 (see Polo et al., PCT Publication 

be produced and tested according to protocols routine in the No. WO00/61772, the entire contents of which are incorpo- 

art for antisense technology. rated by reference herein). 

The term "alphavirus" as used herein has its conventional Another attenuating mutation of this invention can be an 
meaning in the art, and includes Eastern Equine Encephalitis 40 attenuating mutation at nucleotide 3 of the VEE genomic 
virus (EEE), Venezuelan Equine Encephalitis virus (VEE), RNA, i.e., the third nucleotide following the 5' methylated 
Everglades virus, Mucambo virus, Pixuna virus, Western cap (see, e.g., U.S. Pat. No. 5,643,576, describing a G-*C 
Encephalitis virus (WEE), Sindbis virus, South African Arbo- mutation at nt 3). The mutation can bea G-*A, U or C, but can 
virus No. 86 (S.A AR86), Gird wood S A. virus, Ockelbo also be a G— *A mutation in some embodiments, 
virus, Semliki Forest virus, Middleburg virus, Chikungunya 45 When the alphavirus structural and/or non-structural pro- 
virus, 0*Nyong-Nyong virus, Ross River virus, Barman For- teins are from S.A.AR86, exemplary attenuating mutations in 
est virus, Getah virus, Sagiyama virus, Bebaru virus, Mayaro the structural and non-structural proteins include, but are not 
virus, Una vims, Aura virus, Whataroa virus, Babalki virus, limited to, codons at nspl amino acid position 538 which 
Kyzlagach virus, Highlands J virus, Fort Morgan virus, specify an attenuating amino acid, preferably isoleucine as 
Ndumu virus, Buggy Creek virus, and any other virus classi- 50 nspl amino acid 538; codons at E2 amino acid position 304 
fied by the International Committee on Taxonomy of Viruses which specify an attenuating amino acid, preferably threo- 
(1CTV) as an alphavirus. nine as E2 amino acid 304; codons at E2 amino acid position 

In specific embodiments of this invention, the nucleic acids 314 which specify an attenuating amino acid, preferably 

and/or the proteins encoded by the nucleic acids of the present lysine as E2 amino acid 314; codons at E2 amino acid 372 

invention can comprise attenuating mutations. The phrases 55 which specify an attenuating amino acid, preferably leucine, 

"attenuating mutation** and "attenuating amino acid,** as used at E2 amino acid residue 372; codons at E2 amino acid posi- 

herein, include a nucleotide sequence containing a mutation, tion 376 which specify an attenuating amino acid, preferably 

or an amino acid encoded by a nucleotide sequence contain- alanine as E2 amino acid 376; in combination, codons at E2 

ing a mutation, which results in a decreased probability of amino acid residues 304, 314, 372 and 376 which specify 

causing disease in its host (i.e., reduction in or "attenuation 60 attenuating amino acids, as described above; codons at nsp2 

of* virulence), in accordance with standard terminology in amino acid position 96 which specify an attenuating amino 

the art. See, e.g., Davis et al., MICROBIOLOGY 1 32 (3d ed. acid, preferably glycine as nsp2 amino acid 96; and codons at 

19 80). The phrase "attenuating mutation*' excludes mutations nsp2 amino acid position 372 which specify an attenuating 

or combinations of mutations that would be lethal to the virus. amino acid, preferably valine as nsp2 amino acid 372; in 

However, it does include those otherwise lethal mutations 65 combination, codons at nsp2 amino acid residues 96 and 372 

that can be incorporated in combination with a resuscitating which encode attenuating amino acids at nsp2 amino acid 

or rescuing mutation that leads to an attenuated phenotype. residues 96 and 372, as described above; codons at nsp2 
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amino acid residue 529 which specify an attenuating amino structural and non-structural proteins, are known in the art for 
acid, preferably leucine, at nsp2 amino acid residue 529; numerous alphaviruses and include: Sindbis virus genomic 
codons at nsp2 amino acid residue 571 which specify an sequence (GenBank Access ion No. J02363,NCB1 Accession 
attenuating amino acid, preferably asparagine, at nsp2 amino No. NC_001 547), S.A. AR86 genomic sequence (GenBank 
acid residue 571; codons at nsp2 amino acid residue 682 5 Accession No. U38305), VEE genomic sequence (GenBank 
which specify an attenuating amino acid, preferably arginine, Accession No. L04653, NCB1 Accession No. NC_001 449), 
at nsp2 amino acid residue 682; codons at nsp2 amino acid Gird wood S.A genomic sequence (GenBaik Accession No. 
residue 804 which specify an attenuating amino acid, prefer- U3 8304), Semliki Forest virus genomic sequence (GenBank 
ably arginine, at nsp2 amino acid residue 804; codons at nsp3 Accession No. X04 1 29, NCBI Accession No. NC_0032 1 5), 
amino acid residue 22 which specify an attenuating amino 10 and the TR339 genomic sequence (Klimstra et a]. (1988) J. 
acid, preferably arginine, at nsp3 amino acid residue 22; and Virol 72: 7357; McKnight et al. (1996) J. Virol 70: 1981 ). 
in combination, codons at nsp2 amino acid residues 529, 571, In particular embodiments of the present invention, the 
682 and 804 and at nsp3 amino acid residue 22 which specify alphavirus structural protein of this invention can be a Sindbis 
attenuating amino acids, as described above. virus structural protein, a SFV structural protein, a VEE s true- 
Other illustrative attenuating mutations include those is tural protein, a Ross River vims structural protein, a S.A. 
described in PCT Application No. PCT/US 0 1 /27 644 (the AR86 structural protein, an EEE structural protein and/or a 
disclosure of which is incorporated herein in its entirety by WEE structural protein. These can be present in any combi- 
reference). For example, the attenuating mutation can be an nation with one another and can be present in combination 
attenuating mutation at amino acid position 5.37 of the with any alphavirus nonstructural proteins and/or other 
S.A.AR86nsp3 protein, more preferably a substitution muta- 20 alphaviral sequences, such as the 5' alphavirus replication 
tion at this position, still more preferably a nonsense mutation recognition sequence, the alphavirus subgenomic promoter 
that results in substitution of a termination codon. Trans la- and the 3' alphavirus replication recognition sequence, from 
tional termination (i.e., stop) codons are known in the art, and any of these and/or other alphaviruses, to produce chimeric 
include the "opal" (UGA), "amber" (UAG) and "ochre" recombinant alphavirus particles and/or chimeric recombi- 
(UAA) termination codons. In embodiments of the invention, 25 nant nucleic acids of mis invention, 
the attenuating mutation can result in a Cys-»opal substitu- In further embodiments, the IRES element of this invention 
tion at SA.AR86 nsp3 amino acid position 537. directs the translation of the gene product encoded by the 
Further exemplary attenuating mutations can include an heterologous nucleic acid of the recombinant nucleic acid of 
attenuating insertion mutation following amino acid 385 of this invention, such that at least 10%, 15%, 20%, 25%, 30%, 
the S.A.AR86 nsp3 protein. The insertion can comprise an 30 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 
insertion of at least 2, 4, 6, 8, 10, 12, 14, 16 or 20 amino acids. 85%, 90%, 92%, 94%, 95%, 96%, 97%, 98%, 99% or 100% 
In some embodiments of the invention, the inserted amino of the translation of the gene product encoded by the heter- 
acid sequence is rich in serine and tlireonine residues (e.g., ologous nucleic acid is controlled by the activity of the IRES 
comprises at least 2, 4, 6, or 8 such sites) that serve as a element. The percentage of translation of the gene product 
substrate for phosphorylation by serine/threonine kinases. 35 encoded by the heterologous nucleic acid in the recombinant 
In certain embodiments, the attenuating mutation can com- replicon nucleic acids of this invention as controlled by the 
prise insertion of the amino acid sequence Ile-Thr-Ser-Met- IRES can be determined according to assays well known in 
Asp-Ser-Trp-Ser-Ser-Gly-Pro-Ser-Ser-Leu-Glu-Ile-Val-Asp the art and as described in the Examples section provided 
(SEQ ID NO: 1 ) following amino acid 385 of nsp3 (i.e., the herein. 

first amino acid is designated as amino acid 386 in nsp3). In 40 Furthermore, in embodiments of this invention wherein the 

other embodiments of the invention, the insertion mutation IRES element of this invention directs the translation of an 

can comprise insertion of a fragment of SEQ ID NO:l that alphavirus structural protein present in a helper construct of 

results in an attenuated phenotype. The fragment can com- this invention, the IRES element of this invention can direct 

prise at least 4, 6, 8, 1 0, 12, 1 4, 1 5, 1 6 or 17 contiguous amino the translation of the structural protein(s), such that at least 

acids from SEQ ID NO: 1. 45 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 

Those skilled in the art will appreciate that other attenuat- 60%, 65%, 70%, 75%, 80%, 85%, 90%, 92%, 94%, 95%, 
ing insertion sequences comprising a fragment of the 96%, 97%, 98%, 99% or 100% of the translation of the 
sequence set forth above, or which incorporate conservative structural protein is controlled by the activity of the IRES 
amino acid substitutions into the sequence set forth above, element. The percentage of translation of the structural pro- 
can be routinely identified by routine methods (as described 50 tein(s) as controlled by the IRES element of this invention can 
above). While not wishing to be bound by any theory of the be determined according to assays well known in the art and 
invention, it appears that the insertion sequence of SEQ ID as described in the Examples section provided herein. 
NO: 1 is highly phosphorylated at serine residues, which con- The nucleic acid of this invention can be RNA or DNA. 
fers an attenuated phenotype. Thus, other attenuating ins ex- In another embodiment of this invention, a series of helper 
tion sequences that serve as substrates for serine (or threo- 55 nucleic acids ("helper constructs" or "helper molecules**), 
nine) phosphorylation can be identified by conventional i.e., recombinant DNA or RNA molecules that express one or 
techniques known in the art. Alternatively, or additionally, more alphavirus structural proteins, are provided. In one set 
there is a Tyr-»Ser substitution at amino acid 385 of the of RNA embodiments, the helper construct comprises a first 
S.A.AR86 nsp3 protein (i.e., just prior to the insertion nucleic acid sequence encoding (i) a 5' alphavirus replication 
sequence above). This sequence is conserved in the non- 60 recognition sequence, (ii) a transcriptional promoter, (iii) a 
virulent Sindbis-group viruses, but is deleted from S.AAR86 nucleic acid sequence encoding at least one, but not all, 

In other embodiments, the alphavirus of this invention can alphavirus structural proteins, and (iv) an alphavirus 3' repli- 

be any Sindbis virus strain (e.g., TR339), VEE (having a cation recognition sequence. In certain embodiments, the El 

mutation al nucleotide 3 of the genomic RNA following the and E2 glycoproteins are encoded by one helper construct, 

methylated cap), S.A.AR86 virus, Girdwood S_A. virus, Ock- 65 and the capsid protein is encoded by another separate helper 

elbo virus, and/or chimeric viruses thereof. The complete construct. In another embodiment, the El glycoprotein, E2 

genomic sequences, as well as the sequences of the various glycoprotein, and capsid protein are each encoded by separate 
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helper constructs. In other embodiments, the capsid protein 
and one of the glycoproteins are encoded by one helper con- 
struct, and the other glycoprotein is encoded by a separate 
second helper construct. In yet further embodiments, the 
capsid protein and glycoprotein £ 1 are encoded by one helper 5 
construct and the capsid protein and glycoprotein £2 are 
encoded by a separate helper construct. In certain embodi- 
ments, the helper constructs of this invention do not include 
an alphavirus packaging signal. 

Alternatively, the above-described helper nucleic acids are to 
constructed as DNA molecules, which can be stably inte- 
grated into the genome of a helper cell or expressed from an 
episome (e.g., an EBV derived episome). The DNA molecule 
can also be transiently expressed in a cell . The DNA molecule 
can be any vector known in the art, including but not limited is 
to, a non-integrating DNA vector, such as a plasmid, or a viral 
vector. The DNA molecule can encode one or all of the 
alphavirus structural proteins, in any combination, as 
described herein. 

The helper constructs of this invention are introduced into 20 
"helper cells," which are used to produce the alphavirus par- 
ticles of this invention. As noted above, the nucleic acids 
encoding alphavirus structural proteins can be present in the 
helper cell transiently or by stable integration into the genome 
of the helper cell. The nucleic acid encoding the alphavirus 25 
structural proteins that are used to produce alphavirus par- 
ticles of this invention can be under the control of constitutive 
and/or inducible promoters. As also noted above, the alpha 
virus structural protein coding sequences can be provided on 
a recombinant replicon nucleic acid and/or a helper construct 30 
comprising an IRES element and the translation of these 
coding sequences can be controlled by the activity of an IRES 
element. In such embodiments, the IRES element can be 
active in the specific helper cell type and not active, or mini- 
mally active in other cells types. In particular embodiments, 35 
the helper cells of the invention comprise nucleic acid 
sequences encoding the alphavirus structural proteins in a 
combination and/or amount sufficient to produce an alphavi- 
rus particle of this invention when a recombinant replicon 
nucleic acid is introduced into the cell under conditions 40 
whereby the alphavirus structural proteins are produced and 
the recombinant replicon nucleic acid is packaged into 
alphavirus particle of this invention. 

In all of the embodiments of this invention, it is contem- 
plated that at least one of the alphavirus structural and/or 45 
non-structural proteins encoded by the recombinant replicon 
nucleic acid and/or helper molecules, and/or the nontrans- 
lated regions of the recombinant replicon and/or helper 
nucleic acid, can contain one or more attenuating mutations in 
any combination, as described herein and as are well known so 
in the literature. 

In particular constructs of this invention, a promoter for 
directing transcription of RNA from DNA, i .e., a DNA depen- 
dent RNA polymerase, is employed. In the RNA helper and 
replicon embodiments of this invention, the promoter is uti- 55 
lized to synthesize RNA in an in vitro transcription reaction, 
and specific promoters suitable for this use include, but are 
not limited to, the SP6, T7, and 13 RNA polymerase promot- 
ers. In the DNA helper embodiments, the promoter functions 
within a cell to direct transcription of RNA. Potential promot - 60 
ers for in vivo transcription of the construct include, but are 
not limited to, eukaryotic promoters suchas RNA polymerase 
II promoters, RNA polymerase 111 promoters, or viral pro- 
moters such as MMTV and MoSV LTR, SV40 early region, 
RSV or CMV, Many other suitable mammalian and viral 65 
promoters for the present invention are available and are 
known in the art. Alternatively, DNA dependent RNA poly- 
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merase promoters from bacteria or bacteriophage, e.g., SP6, 
T7, and T3, can be employed for use in vivo, with the match- 
ing RNA polymerase being provided to the cell, either via a 
separate plasmid, RNA vector, or viral vector. In a specific 
embodiment, the matching RNA polymerase can be stably 
transformed into a helper cell line under the control of an 
inducible promoter. Constructs that function within a cell can 
function as autonomous plasmids transfected into the cell 
and/or they can be stably transformed into the genome. In a 
stably transformed cell line, the promoter can be an inducible 
promoter, so that the cell will only produce the RNA poly- 
merase encoded by the stably transformed construct when the 
cell is exposed to the appropriate stimulus (inducer). The 
helper constructs arc introduced into the stably transformed 
cell concomitantly with, prior to, and/or after exposure to, the 
inducer, thereby effecting expression of the alphavirus struc- 
tural proteins. Alternatively, constructs designed to function 
within a cell can be introduced into the cell via a viral vector, 
such as, e.g., adenovirus, poxvirus, adeno-associated virus, 
SV40, retrovirus, nodavirus, picornavirus, vesicular stomati- 
tis virus, and baculoviruses with mammalian pol II promot- 
ers. 

In certain embodiments of the invention provided herein, 
the recombinant replicon nucleic acid and/or helper nucleic 
acid of this invention can comprise a spacer nucleic acid, 
which can be located upstream of an IRES element in a 
recombinant replicon nucleic acid and/or helper nucleic acid 
of this invention. The spacer nucleic acid can comprise, con- 
sist essentially of, or consist of any random or specific non- 
coding nucleic acid sequence which is of a length sufficient to 
prevent at least some, and in some embodiments, all transla- 
tion from the 5' cap of a messenger RNA, such that translation 
is then directed by the IRES, in part or in whole. Alternatively, 
the spacer nucleic acid can be of a length and sequence 
structure that imparts sufficient secondary structure to the 
nucleic acid to prevent at least some and possibly all transla- 
tion activity from the 5' cap of a messenger RNA. 

As one example, a commercially available plasmid, 
pcDNA 3.1 (-), was digested with a restriction enzyme, Ami, 
which cuts frequently within this plasmid, thus generating 
many random and differently sized fragments (see Example 3 
for details). The pCDNA plasmid is 5427 nucleotides in 
length, and is a eukaryotic expression vector, comprising 
various promoters (CMV, T7, SV40) for expression of an 
inserted nucleic acid as well as polyadenylatjon signals and 
antibiotic resistance genes. The Alul enzyme cuts throughout 
these elements, providing a range of random fragments. 
Examples of several different spacers and their sequences that 
were generated from this example and which do not encode 
any functional elements from the plasmid, are provided here- 
inbelow: 



357 nucleotide spacer: {SEQ ID NO: 2) 

CTGAATGAACCCATACCAAACGACGAGCGTGACACCACGATGCCTGTAGC 

AATGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTAG 

CTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACC 

AAATACTGTTCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACT 

CTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCT 

GCTGCCAGTGGCGATAAGT<X3TGTCTTACCGGGTTGGACTCAAGACGATA 

GTTACCGGATAAGGCGCAGCGGTCGGGC TGAACGGGGGGTTCGTGCACAC 

AGCCCAG 

342 nucleotide spacer: {SEQ ID NO: 3) 

CT ATTCCAGAAGTAGTGAGGAGGCTTTT TTGGAGGCCTAGGCTTTTGCAA 

AAAGCTTGTATATCCATTTTCGGATCTGATCAAGAGACAGGATGAGGATC 

GTTTCGCATGATTGAACAAGATGGATTGCAOGCAGGTTCTCCGGCCGCTT 

GGGTGGAGAGGCTATTCGGCTATGACTGGGCACAACAGACAATCGGCTGC 
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-continued 

TGTCAAGACCGACCTGTCCGGTGCCCTGAATGAACTGCAGGACGAOGCAa 



257 nucleotide spacer: (SEQ ZD NO: 4} 5 
CTCA 1 1 1 1 T T T AACCAAT AGGC CGAAAT CGG CAAAAT CC CTTAT AAAT CAA 
AAGAATAGAC CGAGATAGGGT TGAGTG TTG TTCCAGTT TGGAACAAOAOT 
CCACTATTAAAGAACCTGGACTCCAACGTCAAAGGGCGAAAAACCGTCTA 
TCAGGGCGATGGCCCACTACGTGAACCATCACCCTAATCAAGTTTTT TGG 
GGTCGAGGTGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCC CGA 
TTTAGAG 10 

383 nucleotide spacer: (SEQ ID NO: 5) 

CTGCGCAAGGAACGCCCGTCGTGGCCAGCCACGATAGCCGCGCTGCCTCG 

TCCTGCAGTTCATTCAGGGC^CCGQACAGGTCGGTCTTGACAAAAAGAAC 

cgggcgcccctgcgctgacagccogaaca.cggcgcx:atcagagcagccga 

TTGTCTGTTG TGCCCAGTCATAGCCGAATAGCCT CT CCACCCAAGCGGCC 15 
GGAGAACCTGCGTGCAATCCATCTTGTTCAATCATGCGAAACGATCCTCA 
TCCTGTCTCrrGATCAGATCCGAAAATGGATATACAAGCTCACTCATTAG 
GCACCCCAGG CT TTACACTTTATGCT T CCG GCTCOT ATGT TGTGTGGAAT 
TGTGAGCGGATAACAATTTCACACAGGAAACAG 



579 nucleotide spacer: (SEQ ID NO: 6) 
CTGCAATAAACAAGTTGGGGTGGGCX1AAGAACTC CAGCATGAGATCCCCG 

cgctggaggatcatccagccckx:gtcccggaaaacgattccgaagcx:caa 
cctttcatagaaggcggcggtggaatcgaaatctcgtgatggcaggttcg 
gcgtcgcttggtcggtcatttcgaaccccagagtcccgctcagaagaact 
cgtcaagaaggcgatagaaggcgatgcgctgcgaatcgggagcggcgata 

CCATTTTCGGATCTGATCAAGLAGACAGGATGAGGATCGTTTCGCATGAT7 
GAACAAGATGGATTGCACGCAGGTTCrCCGGCCGCTTGGGTGGAGAGGCT 
ATTCGGCTATGACTGGGCACAACAGACAATCGGCTGCTCTGATGCCGCCG 
TGTTCCGGCTGTCAGCGCAGGGGCGCCCGGTTCTT7TTGTCAAGACCGAC 
C TGTCCGG TGCC CTGAATGAACTGCAGGACGAGG CAGCGCGGC TATCGTG 



749 nucleotide spacer: (SEQ ID NO: 7} 



20 
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30 



CGCTGGAGGATCATCCAGCCGGCGTCCCGGAAAACGATTCCGAAGCCCAA 
CCTTTCATAGAAGGCGGCGGTGGAATCGAAATCTOGTGATGGCAGGTTGG 
GCGTCGCTTCGTCGGTCATTTCGAACCCCAGAGTCCCGCTCAGAAGAACT 
CGTCZAAGAAGGCGATAGAAGGCGATGCGCTGCGAATCXtGGAGCGGCGATA 35 
CCGTAAAGCACGAGGAAGCGGTCAGCC CATTCGC CG CC AAGCTCTTCAGC 

aatatcacgggtagccaacgctatgtcctgatagcggtccgccacaccca 

GCCGGCCACAGT CGATGAATC CAGAAAAGC GGCCAT TT TC CAC CATGAT A 

ttcggcaagcaggcatcgccatgggtcacgacgagatcctcgccgtcggg 
catgcgcg cc ttgagcctggcgaacagttcggctgg cgcgagc ccctgat 
gctcttcxstccagatcatcctgjvtcgacaagaccggcttccatccgagta ^ 

cggatcaagcgtatgcagccgccgcattgcatcagccatgatggatactt 
tctcggcaggag caagg tgagatgacaggagatc ctgc cc cgg cacttcg 
cccaatagcagc cagtc cc ttcccgct tcagtgacaacgt cgagc ac aq 

In addition to the use of random nucleic acid fragments 45 
generated from an unrelated plasmid (as in the Alul fragments 
described above), it is also possible to use fragments from 
cellular or viral genes, e.g., from the 5' non-coding regions of 
genes, as spacers. One approach is to use the non-coding 
sequences surrounding an existing IRES (see Example 50 
4B.4.); another approach is to use the 5' non-coding region of 
an alphaviral gene, e.g., the capsid gene (see Example 4A.2.) 

Thus, it is contemplated that the spacer nucleic acid of this 
invention can be at a minimum, at least 25 nucleic acids in 
length and can be as long as permissible in a given recombi- 
nant replicon nucleic acid. For example, the spacer nucleic 
acid of this invention can be, in certain embodiments, 
approximately 25, 30, 35, 40, 45, 50, 55, 60, 65, 75, 80, 85, 90, 
95, 100, 110, 115, 120, 125, 130, 135, 140, 145, 150, 160, 
170, 175, 180, 190, 200, 210, 220, 225, 230, 235, 240, 245, 
250, 275, 300, 325, 350, 375, 400, 425, 450, 475, 50, 600, 
700, 800, 900, 1000, 1500, 2000, 2500, 3000, 3500, 4000, 
4500, 5000, 5500, 6000, 6500, 7000, 7500, 8000, 8500, 9000, 
9500, or 1 0,000 nucleotides in length. By "approximately" it 65 
is meant that the spacer nucleic acid can vary up to 1 0%, 1 5%, 
20% and/or 25% in length. 



55 



The spacer nucleic acid of this invention can also be a 
nucleotide sequence placed 3' to a 5* sequence for initiating 
transcription of a messenger RNA, and 5* to a functional IRES 
element, wherein the level of translation directed from said 
IRES element is at least approximately five fold higher than 
the level obtained from a non-functional IRES element. In 
preferred embodiments, the level of translation is at least 
approximately 10-fold, 20-fold, 50-fold, 100-fold, 150-fold, 
1 80-fold, 200-fold, 300-fold, 400-fold or 500-fold higher. In 
other embodiments, at least 10%, 20%, 30%, 40%, 50%, 
60%, 70%, 80%, 85%, 90%, 92%, 94%, 95%, 96%, 97%, 
98%, 99% or 100% of the translation of the gene product 
encoded by the heterologous nucleic acid and/or the struc- 
tural protein(s) encoded by an IRES-containing helper con- 
struct is controlled by the activity of the IRES element. 

The present invention also provides an alphavirus particle 
comprising a recombinant replicon nucleic acid of this inven- 
tion. Also provided is a population of infectious, defective, 
alphavirus particles, wherein each particle contains an 
alphavirus replicon RNA comprising the recombinant repli- 
con nucleic acid of this invention. In some embodiments, the 
population of this invention has no detectable replication- 
competent virus, as measured by passage on cell culture 
and/or other well known assays for detection of replication 
competent virus. 

The present invention further provides a pharmaceutical 
composition comprising a nucleic acid, vector, particle and/or 
population of this invention in a pharmaceutical ly acceptable 
carrier. By "pharmaceutical ly acceptable" is meant a material 
that is not biologically or otherwise undesirable, i.e., the 
material may be administered to an individual along with the 
selected peptide, polypeptide, nucleic acid, vector or cell 
without causing substantial deleterious biological effects or 
interacting in a deleterious manner with any of the other 
components of the composition in which it is contained. 

Furthermore, any of the compositions of this invention can 
comprise a pharmaceutically acceptable carrier and a suitable 
adjuvant. As used herein, "suitable adjuvant 1 * describes an 
adjuvant capable of being combined with the peptide or 
polypeptide of this invention to further enhance an immune 
response without deleterious effect on the subject or the cell 
of the subject. A suitable adjuvant can be, but is not limited to, 
MONTANIDE ISA51 (Seppic, Inc., Fairfield, N.J.), SYN- 
TEX adjuvant formulation 1 (SAF-1), composed of 5 percent 
(wt/vol) squalene (DASF, Parsippany, N.J.), 2.5 percent Plu- 
ronic, LI 21 polymer (Aldrich Chemical, Milwaukee), and 
0.2 percent polysorbate (Tween 80, Sigma) in phosphate- 
buffered saline. Other suitable adjuvants are well known in 
the art and include QS-21, Freund's adjuvant (complete and 
incomplete), aluminum salts (alum), aluminum phosphate, 
aluminum hydroxide, N-acetyl-muramyl-L-threonyl-D-iso- 
glutamine (thr-MDP), N-acetyl-nor-muramyl-L-alanyl-D- 
isoglutamine (CGP 11637, referred to as nor-MDP), 
N-acetylmuramyl-L-alanyl-D-isoghitaminyl-L-alanine-2- 
(r-2'-dipalrmtoyl-sn-gIycero-3-hydroxyphosphorytoxy)- 
ethylamine (CGP 1 9835A, referred to as MTP-PE) and RJB1, 
which contains three components extracted from bacteria, 
monophosphoryl lipid A, trealose dimycolate and cell wall 
skeleton (MPL+TDM+CWS) in 2% squalene/Tween 80 
emulsion. Adjuvants can be combined, either with the com- 
positions of this invention or with other vaccine compositions 
that can be used in combination with the compositions of this 
invention. Examples of adjuvants can also include, but are not 
limited to, oil-in -water emulsion formulations, immuno- 
stimulating agents, such as bacterial cell wall components or 



Case 1 :09-cv-00730-EGS Document 1 Filed 04/21/2009 Page 25 of 60 



US 7,442,381 B2 

19 20 

synthetic molecules, or oligonucleotides (e.g. CpGs) and ing into a cell the following: i) an alphavirus replicon RNA 

nucleic acid polymers (both double stranded and single comprising a 5* alphavirus replication recognition sequence, 

stranded RNA and DNA), which can incorporate alternative nucleic acid sequence(s) encoding alphavirus nonstructural 

backbone moieties, e.g., polyvinyl polymers. proteins, an alphavirus subgenomic promoter, a heterologous 

The compositions of the present invention can also include 5 nucleic acid sequence and a 3' alphavirus replication recog- 

other medicinal agents, pharmaceutical agents, carriers, dilu- nitwn sequence; and ii) one or more helper nucleic acids 

ents, immunostimulatory cytokines, etc. Actual methods of encoding alphavirus structural proteins comprising a 5» 

preparing such dosage forms are known, or will be apparent, alphavirus replication recognition sequence, an alphavirus 

to those skilled in this art Preferred dosages for alphavirus lft subgenomic promoter an IRES element, a nucleic acid 

replicon particles, as contemplated by this invention, can 10 encoding one or more alphavirus structural proteins and a 3' 

range from 10 3 to 10 10 particles per dose. For humans, 10\ replication recognition sequence whereby all of 

l^orl^arepreferreddoses-Adosageiegimencanbeoneor ^ alphavirus s^^ 

more doses hourly, dairy, weekly, monthly, yearly, etc. as b > Pacing said alphavirus particles m the cell, 

deemed necessary to achieve the desired prophylactic and/or - A method is also provided herein of making infectious, 

therapeutic effect to be achieved by administration of a com- defective alphavirus particles, comprising: a) introducing 

position of this invention to a subject. The efficacy of a par- mto a the following: i) an alphavirus replicon RNA com- 

ticular dosage can be determined according to methods well prising a 5* alphavirus replication recognition sequence, 

known in the art. nucleic acid sequence(s) encoding alphavirus nonstructural 

Thepresent mvention further provides a method of making 20 proteins at least one alphavirus subgenomic promoter, at 

infectious, defective alphavirus particles, comprising: a) least one IRES element, at least one heterologous nucleic acid 

mtroducmgmtoaceUthefoUowmg:(i)are«)mbinantrepli- sec * uence and a 3 alphavirus replication recognition 

con nucleic acid of this invention, and (ii) one or morehelper sequence; and ii) one or more helper nucleic acids encoding 

nucleic acids encoding alphavirus structural proteins, alphavirus structural proteins comprising a f? alphavjrus rep- 

wherein the one or more helper nucleic acids produce all of 25 Nation rec °g* tlon sequence, an alphavirus subgenomic pro- 

the alphavirus structural proteins, and b) producing said moter, an IRES element, a nucleic acid encoding one or more 

alphavirus particles in the cell. In some embodiments, the alphavirus structural proteins and a 3' alphavirus replication 

recombinant replicon nucleic acid can comprise at least one recogmnon sequence, whereby all of the ^alphavirus structural 

heterologous nucleic acid encoding an alphavirus structural P™* 1 * 5 V^oduc^ in the cell; and b) producing said 

protein 30 alphavirus particles in the cell. 

homer embodiments of mem * . ^ m ? h ? ds of makm S alphavirus particlesof U^s inven- 

helper nucleic acid can be a recombinant nucleic acid com- Uon can f f l f r comprise the step of collecting said alphav,- 

prising a 5' alphavirus replication recognition sequence, an ms P^cles from the cell. 

alphavirus subgenomic promoter, a nucleic acid encoding an The present invention also provides a recombinant nucleic 

alphavirus structural protein and a 3 alphavirus replication 35 acid comprising 5' alphavirus replication recognition 

recognition sequence. sequence, an alphavirus subgenomic promoter, an IRES ele- 

In further embodiments, the helper nucleic acid can be a a nucleic acid encoding one or more alphavirus struc- 

recombinant nucleic acid (which can be DNA) comprising a ^ P rotems m an y combination and/or order and a 3' 

promoter (e.g., a CMV promoter) and nucleotide sequences aI P^irus replication recognition sequence. In some 

encoding one or more, including all, alphavirus structural <° embodiments,^ 

proteins pnse a sP^er nucleotide sequence that can be upstream of an 

. IRES element. Also provided is a vector and/or a cell com- 

The helper nucleic acd of this invention can comprise ^ ^ nudeic acid 

nucleic acid sequences encoding any one or more of the ,7 

alphavirus structural proteins (C, El , E2) in any order and/or Additionally provided herein is recombinant nucleic acid 

manycombination.Tlius,ahelpercellcancompriseasmany 45 comprising: a first nucleic acid sequence encoding a 5' 

helper nucleic acids as needed in order to provide all of the alpnavirus replication recognition sequence; at least one sec- 

alphavirus structural proteins necessary to produce alphavi- ond nucleic acid sequence encoding an alphavirus nonstruc 

rus particles. A helper cell can also comprise helper nucleic L pr ? tem > a fas i al P^ viru f subgenomic promoter; a first 

acid(s) stably integrated into the genome of a helper (e.g., ^ elem **> a ***\ heterologous nucleic acid; a second 

packaging)cell. In such helper cells, the alphavirus structural 50 a lphavirus subgenomic promoter, a second IRES element; a 

proteins can be produced under the control of a promoter that ^ nucle,c acid encoding a 3' alphavirus replication recog- 

can be an inducible promoter. njt,on sequence. In some embodiments, the first and second 

... - * , . .. alphavirus subgenomic promoter can be the same or different, 

msomeembo^ents.thehelperDucle.cac.demployedm thefirstandsecondlRESelementcanbethesameordififerent 

the methods of this .nvenoon can be a recombinant nucle,c „ and/of ^ firs , ^ he1ero , nuclejc ^ ^ ^ 

acid compnnng a 5 alphavirus replication recognition same of different ^ recombinant nucleic acid can 

sequence, an IRES element, a nucleic acd encoding an jse aQ ^ s]gna] ^d/or a spacer 

alphavirus structural^ protein and a 3' alphavu-us replication » * s £^ rf ^ ]RES %, e . 

recogm ion sequence. ment ^ s recombinant nucleic acid can also comprise one or 

In further embodiments, the helper nucleic acid can be a ^ more second nucleic acid sequences encoding alphavirus 

recombinant nucleic acid comprising a 5' alphavirus replica- nonstructural proteins in any order and/or combination, such 

lion recognition sequence, an alphavirus subgenomic pro- that all four of the alphavirus nonstructural protein coding 

moter, an IRES element, a nucleic acid encoding one or more sequences are present on the recombinant nucleic acid. This 

alphavirus structural proteins and a 3' alphavirus replication recombinant nucleic acid can be present in an alphavirus 

recognition sequence. 65 parucle of this invention and such particles can be present as 

Additionally provided herein is a method of making infec- a population of this invention and/or in a pharmaceutical 

tious, defective alphavirus particles, comprising: a) introduc- composition of this invention. 
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AJso provided is a recombinant replicon nucleic acid as could be introduced. Plasmid pCDNA3.1 (+) (Nitrogen) was 

described above, further comprising a third or further addi- digested with restriction enzyme Bathe and treated with T4 

tional alphavuus subgerW: promoter, a third or further DNA polymerase to eliminate the unique Bathe restriction 

additional IRES element and/or a third or further additional L . r ^ Jv7?l ^ ^ " T VT 

heterologousnucleicacid. This recombinant nucleic acid can 5 resultm * 10 of J>CDNA3.2. The pCDNA3.2 

be present in an alphavirus particle of this invention and such DNA was further digested with restriction enzyme Bay and 

particles can be present as a population of this invention treated with T4 DNA polymerase to remove the unique 
and/or in a pharmaceutical composition of this invention. 

Alphavirus particles comprising this embodiment of recom- Bay restriction site, resulting in generation of pCDNA33. 

binant nucleic acid can be produced according to any of the ■ 

methods of this invention and can be used in any of the 10 mtermediate caning vector containing the multiple 

methods of eliciting an immune response and/or delivering a cloning site (MCS) from a VEE replicon vector was prepared 

NOI to a cell. by legating an -250 bp Apal/NotI MCS fragment into Apal/ 

As a further embodiment, the present invention provides a NotI linearized pBluescript KS+ (Stratagene) DNA, generat- 

recombinant nucleic acid comprising: a promoter that directs ing pKS-rep2. The EMCV IRES was digested from pDl +2+3 

trarKcriptionofanucleicacidianlRESelementjandanucleic 15 (Kaminski etal., 1995) with restriction enzymes EcoRI and 

acid comprising a coding sequence, wherein the IRES ele- Bamm ^ fi ^ . EcoRI and BamHI linearized pfCS- 

ment is operably located such that translation of the coding „ " A ^ ~« t^,~77~, If'fr ~T 

sequence is via a (^independent mechanism directed by the rep2 DNA ' B eneratm g P KS-rep2/EMCV. The EMCV IRES 

IRES element. In this embodiment, transcription of the and MCS sequence from the pKS-rep2/EMCV vector were 

nucleic acid is uncoupled from translation of the nucleic acid. 20 PCR amplified using primers EMCVF(AscI).2 and EMCVR 

It is understood that the foregoing detailed description is (Ascl).l (Table 1). The EMCV PCR product was digested 

given merely by way of illustration and that modifications and with AscI restriction enzyme and ligated into AscI linearized 

variations may be made therein without departing from the VEE replicon (pERK) vector DNA, generating pERK/ 

spirit and scope of the invention EMCV To ^ ^ cloning vector? pERK/ 

EXAMPLES EMCV DNA was digested with EcoRV and NotI restriction 

Example 1 enzymes and the 862 bp EcoRV/NotI fragment was ligated 

Construction of Transfer aoning Vectors mtoEcoRVandNoU lmeanzed P CDNA3.3 DNA, generating 

pCDNA3.3/EMCV. The sequence of the EMCV IRES and 

A. EMCV IRES-Containing Vectors 30 associated multiple cloning sites was confirmed in the 

A transfer vector (pCDNA3 3) was prepared into which the pCDNA3.3/EMCV vector before preparing further con- 

encephalomyocarditis (EMCV) IRES sequence and any NOI structs with it. 



TABLE 1 



Primer name 5' Primer sequence 



EMCVF(AscI) .2 



(SEQ ID NO:8) 



EMCVR (And ) . 1 AGGCGCGCCTTCTATGTAAGCAGCTTGCC 
(SEQ ID NO:9) 

P* -CAT (BamHI ) GCTGGATCCATGGAGAAAAAAATCACTGGA 
(SEQ ID NO: 10) 

R * - CAT (Xbal ) CGATCTAGATTACGCCCCCCCCTGCCACTCA 
(SEQ ID NOtll) 

(SEQ ID NO:12) 

Anti- CGGGATCCCCCCTAACGTTACTGGCCGAAGC 
EN (BamHI) (SEQ ID NO:13> 

Ant i-En (AscI ) AGGCGCGCCATTATCATCGTGTTTTTC 
(SEQ ID NO: 14) 

(SEQ ID NO.-15) 

3 • OTR4Xbiotin GCGGCATGCCAATCGCCGCGAGTTCTATGTAAGCAGCTTGCC 
(SEQ ID HO:16> 

GAG-F CGGGATCCATGGCTGCGAGAGCGTCA 
(SEQ ID NO:17) 

GAG-R CGGGATCCTTATTGAGACAAGGGGTCGC 
(SEQ ID K0:1B) 
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B. X1AP I RES- Containing Vectors 

The X-linked inhibitor of apoptosis (XIAP) gene 5' non- 
coding region (NCR) containing the putative IRES element 
(see Holcik et al. (1 999) Nature Cell Biol 1 : 1 90-1 92; HoJcik 
and Korneluk (2000) Mol Cell Biol 20: 4648-57 and Holcik et 5 
al. (2003) Mol Cell Biol 23: 280-288 for sequence and size of 
element) was PCR amplified from human fetal liver marathon 
ready cDNA (Clontech, Palo Alto, Calif.) using an adaptor 
primer supplied with the cDNA and an XIAP reverse primer 
(X1AP-R) followed by a nested PCR using XIAP IRES spe- 10 
cine primers. Primers are listed in Table 2. Resulting PCR 
products of approximately 1007 and 241 bp were TA cloned 
using a commercially available kit (Invitrogen Corporation; 
Carlsbad, Calif.). These constructs possess either 844 nucle- 
otides or 78 nucleotides, respectively, of the XIAP gene non- 1 5 
coding region, in addition to the 163 nucleotide putative 
XIAP IRE S. Sequences for each construct were confirmed by 
automated DNA sequencing. To generate shuttle vectors for 
cloning into the VEE replicon, the XIAP sequences were 
transferred as an EcoRI fragment into the equivalent site of 20 
pKS-rep2, generating pKS-rep2/X!AP1007 and pKS-rep2/ 
XIAP241 DNAs. 



-continued 

CTAATTAATGATTTG ACATGGTTAATAATT AT AATATATTCTG CATCACA 
GTTTACATAT TTATG TAAAATAAGCAT TTAAAAATTATTAGTTTTAT TCT 



GC CTGCTT AAATATT AC TTT C C 



ACAAAAATGCTAGAT 



TT TACTTT ATGAC TTGAATGATGTGGTAATGTCGAACTC TAGT AT TT AGA 
ATTAGAATGTTTCTTAGOGGTOGTGTAGTTATTTTTATGTCATAAGTGX5A 
TAATTTCTTAGCTCCTATAACAAAAGTCTGTTGCTTGTGTTTCACATTTT 

TTTCAAGAGAAGAT 

Example 2 

Construction of Improved Replicon Vectors 



TABLE 2 


XIAP-R 


5 ♦ -CCCTGCTCCTGCCAGTGTTGATGC- 3 ' 
(SEQ ID NO: 19) 


XIAP/ I RES - 
1007 


5 1 - ACAOGTGGGGCAACCCTGATTTATGCC TGTTGT 
CC-3' (SEQ ID NO: 20) 


XIAP/ I RES - 
241 


(SEQ ID NO:21) 


XIAP/IRES-R 


S ' -AGATATCTTCTCTTGAAAATAGGACTTGTCCAC- 
3' (SEQ ID NO: 22) 


CapS ' P 


5 ' -GTTCCCGTTCCAGCCAATGTATCCG- 3 ' 
(SBQ ID NO: 23) 


13-87prl 


5 • -GTCACTAGTGACCACCATGT - 3 ' 
(SEQ ID N0:24) 


3-l.lprl 


S ' - T AAGAGC CGCGAGCGATCCT - 3 ' 
(SEQ ID N0:25) 



1007 bp XIAP 5 'NCR (SEQ ID NO: 26) 



TAGTGTAATTTTTCACTTTGAGAAGTGTCCAGGTTTGGAGGATAAATTAT 
CTTTCTAATAATTGATACCCTTCTCATAACCTAACGGGTTCCTTTTAGTA 



TTTTATCTGGGTTAAAATTACCAGCTGTAATTTGGCAGCTCTAATAAGAC 
TGCAGCAATACTTATCTTCCATT TGAACAGATTGTTACTTGAC CAAGGGA 



ACTTAATAGCAAAAGTAACTGCAGGGCACATGTATGTCATGGGCAAAAAA 
AAAAAAGTAACAGCAATTAAGGT TTGCAGGTACTTAGAATTTTTCCTGAG 



CCACCCTCTAGAGGGCAGTGTTACATATATATCTOTAATTATC CAGTTAC 
GGCTCTCATTCATGCATGAAAATCAGAAATATTTCATAC 



TCTTAAAGAACACATTGGAACCAATATTATGATTAAAACATATTTTGCTA 
AGCAAAGAGATATTAAAAATTAATTCATTAACATTCTGAACAT TTTTTAA 



CTTGTAAAAACAACTTTGATGCCTTGAATATATAATGATT CATTATAACA 
ATTATGCAT AGA TT TTAAT AATCTGCATAT T T TATGCT TT CATGTTT TT C 



A. Constructs Containing the EMCV IRES 

To demonstrate the functionality of an IRES sequence 
placed downstream of a functional alphavirus 26S promoter, 
25 reporter genes were subcloned into the pCDNA3.3/EMCV 
ttansfer vector and then the EMCV/reporter gene cassette was 
moved into the pERK replicon vector. Initial experiments 
were conducted using a replicon vector expressing the 
Chloramphenicol acetyl transferase (CAT) reporter gene. The 
30 CAT gene was amplified using primers F -CAT (BamHl) and 
R'-CAT (Xbal)(Table 1 ). The PCR product was digested with 
BamHI and Xbal restriction enzymes and li gated into 
BamHI/Xbal linearized pCDNA3.3/EMCV DNA, generat- 
ing pCDNA3.3/EMCV/CAT. After the sequence of the CAT 
35 gene was confirmed, pCDNA3.3/EMCV/CAT DNA was 
digested with Ascl restriction enzyme to release a 1303 bp 
EMCV/CAT fragment. The Ascl digested EMCV/CAT frag- 
ment was then li gated into Ascl linearized pERK vector 
DNA, generating pERK/EMCV/CAT. 
40 It has been shown that the EMCV IRES has a directional 
activity and when it is in the wrong orientation, with regard to 
a NOI, no cap-independent translation is noted (Roberts and 
Belsham(l997) Virologylll: 53-62). In addition, deletion of 
the 5' terminal sequences of the EMCV IRES abolishes cap- 
45 independent trans lation i n the context of a dici stronic expres- 
sion vector (Van der Velden et al. (1 995) Virology 214: 82-90; 
Jang & Wimmer (1990) Genes & Development 4: 1560-72). 
To demonstrate that cap-independent translation of the CAT 
gene is occurring, two pERK vectors identical to pERK/ 
50 EMCV/CAT were prepared, only with the EMCV IRES in the 
anti-sense orientation (pERK/anti-EMCV/CAT) or with a 5* 
deletion of the terminal sequences of the EMCV IRES 
(pERK/AAvr/CAT). 
An anti-sense version of the EMCV IRES was PCR ampli- 
55 fied from pKS rep2/EMCV DNA using primers anti-En 
(EcoRI) and anti-En(BanuHI)(Table 1 ). The ampl ified EMCV 
IRES fragment was digested with EcoRI and BamHl restric- 
tion enzymes and ligated into EcoRI/BamHl linearized pBCS- 
rep2 DNA, generating pKS-rep2/anti-EMCV The BamHI/ 
60 Xbal digested CAT gene described above, was ligated into 
BamHI/Xbal linearized pKS-rep2/anti-EMCV DNA, gener- 
ating pKS-rep2/anti-EMCV/CAT. The 1295 bp anti-EMCV/ 
CAT gene cassette was PCR amplified from pKS-rep2/anti- 
EMCV/CAT DNA using primers EMCVR(AscI). ] and anti- 
65 En(Ascl) (Table 1). Finally, the anti-EMCV/CAT fragment 
was digested with Ascl restriction enzyme and ligated into 
Ascl linearized pERK vector DNA, generating pERK/anti- 



Case 1 :09-cv-00730-EGS Document 1 Filed 04/21/2009 Page 28 of 60 



US 7,442,38 1 B2 



25 



26 



EMCV/CAT. The sequence of the anti-EMCV/CAT gene 
region was confirmed before further experiments were car- 
ried out. 

To generate the AAvr/CAT pERK vector, first the AAvr 
deletion was made in the EMCV IRES found in pKS-rep2/ 
EMCV intermediate vector. The deletion was accomplished 
by digesting pKS-rep2/EMCV DNA with both EcoRI and 
Avrll restriction enzymes deleting 145 bp from the 5' region 
of the EMCV IRES. The linearized DNA was treated with T4 
DNA polymerase to create blunt ends and religated to gener- 
ate pKS-rep2/AAvr DNA. The CAT gene was cloned into the 
intermediate vector by ligating the BamHl/Xbal CAT gene 
described above into BamHI and Xbal restriction enzyme 
linearized pKS-rep2/AAvr, generating pKS-rep2/AAvr/CAT 
DNA. The 1 1 77 bp AAvr/CAT gene cassette was PGR ampli- 
fied from pKS-rep2/AAvr/CAT. DNA using primers EMCVR 
(Ascl).l and dAvr En(Ascl) R (Table 1). Finally, the AAvr/ 
CAT fragment was digested with AscI restriction enzyme and 
ligated into Ascl linearized pERK vector DNA, generating 



C. Constructs Containing the XIAP IRES 

The CAT gene was cloned into the EcoRV and BamHI sites 
of pKS-rep2/XIAP1007 (see Example 4 below) after PCR 
amplification of the gene using CATF (5 1 - 
GGAGAAAAAAATCACTCXjATATAC-3\ SEQ ID NO:31) 
and CATR(Bam) (5'-GGGGATCCTTACGCCCCGCCCT- 
GCCAC-3', SEQ ID NCfc32) primers, generating pKS-rep2/ 
XIAP/CAT 1007. This strategy reconstitutes the wild-type 
XIAP gene start site. The intermediate was then cloned as an 
Apal/SphI fragment into pERK to generate pERK/XIAP/ 
CAT 1007. Following in vitro transcription and electro pora- 
tion into Vero cells, VRP yields and CAT protein expression 
in infected cells were determined and compared to pERK/ 
EMCV/CAT 342. VRP yields were equivalent for both con- 
structs. In this particular construct, it has been possible to 
modify the level of CAT protein expression using the XIAP 
IRES (3.97 e5 ng/ug) as compared with the EMCV IRES 



pERK/AAvr/CAT. The sequence of the AAvr/CAT gene 20 (1-08 e6 ng/ug), thus demonstrating the utility of different 
region was confirmed before further experiments were car- IRESs in the claimed invention, 
ried out. 



B. Constructs Containing the EV71 IRES 

The human enterovirus 7 1 (EV7 1 ) IRES element (Thomp- 
son and Samow (2003) Virology 3 1 5: 259-266) was cloned in 
both sense and antisense orientations into spacer replicon 
vectors and analyzed for expression of a CAT reporter gene. 
The EV71 IRES element (strain 7423/MS/87) was PCR 
amplified from pdc/MS DNA (Thompson and Samow, 2003) 
using primers to produce a sense fragment (dc/MS (EcoRI) F 
and dc/MS (BamHI )R) and an antisense fragment (dc/anti- 
MS (EcoRI) R and dc/anti-MS (BamHI)F) (Table 3). The 
sense and antisense EV71-MS IRES PCR products were 
digested with EcoRI and BamHI restriction enzymes and 
ligated into pCDNA3.3 (see Example 1) linearized with 
EcoRJ and BamHI, generating pCDNA3.3/MS and 
pCDNA3.3/anti-MS. The EV71-MS IRES regions, in each 
pCDNA3.3 vectors, were sequenced to verify that no nucle- 
otide changes were introduced during PCR amplification 
before further experiments were initiated. 

The CAT reporter gene, as described above in A., was 
cloned into BamHI and Xbal linearized pCDNA3.3/MS and 
pCDNA3.3/anti-MS vectors, generating pCDNA3.3/MS/ 
CAT and pCDNA3 3/anti- MS/CAT, respectively. Spacer rep- 
licon constructs were produced by digesting the pCDNA3.3/ 
MS/CAT and pCDNA3 3/anti-MS/CAT DNAs with Ascl 
restriction enzyme and ligating the MS-CATor anti-MS-CAT 
Ascl fragments into spacer replicon vectors. The spacer- 
IRES-CAT region of each vector, was sequenced to verify that 
no nucleotide changes were introduced during cloning before 
further experiments were initiated. 

TABLE 3 

Primer Sequence S'-3* 

dc /MS ( EcoR I > P CGAATTCTTAAAACAGCTGTGGGTTG 
(SEQ ID K0:27> 

dc/MS ( BamHI > R CGGGATCCGGTCAACTGTATTGAOGGTTAATA 
TAAAG (SEQ ID NO: 28) 



D. Constructs Expressing HIV gpl60 

25 A replicon expressing the HIV gpl 60 clade C gene was 
constructed in which translation of the HIVgp 160 was 
directed from the EMCV IRES. In this construct, the 167 bp 
spacer from the pH 1500A/EMCWVcap helper construct 
(see Example 4.B. 1 .) was cloned into an EMCV IRES repli- 

30 con construct as follows. The pH 1500A/EMCV/Vcap DNA 
was digested with Apal restriction enzyme to release a 1 94 bp 
fiagment containing the 167 bp spacer and a portion of the 
EMCV IRES. A pERK/EMCV 749 vector was also digested 

35 with Apal restriction enzyme and the released 749 bp spacer 
Apal fragment was replaced with the 167 bp spacer Apal 
fragment, generating the pERK/EMCV 167 vector. To dem- 
onstrate that a heterologous gene could also be efficiently 
expressed and packaged from the pERK/EMCV 1 67 replicon 

40 vector, the HIV clade C gpl60 gene (Williamson C et a). 
(2003) AIDS Res Hum Retroviruses 1 9: 133-44) was cloned 
into this vector as follows. The HIV gp!60 gene was ampli- 
fied (using primers env-5'-Xba! and DU151gpl60 3'-Xbal) 

45 (Table 4) and cloned into pCR-XL-TOPO (Invitrogen, Carls- 
bad, Calif.), generating pCR-XL-TOPO/gpl60. The gpl 60 
gene was sequenced to ensure no errors were introduced 
during PCR amplification before initiating further studies. 
The pCR-XL-TOPO/gpl60 DNA was digested with Xbal 

50 restriction enzyme and the gpl 60 fragment was then ligated 
into Xbal linearized pCDNA3.3/EMCV, generating 
pCDNA3.3/EMCV/gpl60. The pCDNA3.3/EMCV/gp!60 
DNA was digested with Ascl restriction enzyme to release the 
EMCV/gp 160 fragment. The EMCV/gpl60 fragment was 

55 then ligated into Ascl linearized pERK/EMCV 167 vector 
DNA, generating the pERK/EMCV/gpl60 167 vector. 

TABLE 4 



dc/anti-MS 
(BamHI ) F 



dc/anti-MS 
(EcoRI ) R 



CGGGATCCTTAAAACACCTGTGGGTTGTTCCC 
AC (SEQ ID NO: 29) 



OGAATTCGGTCAACTGTATTGAGGGTTAATAT 
AAAG (SEQ ID NO: 30) 



60 


Primer 


Sequence 5 '-3' 




Env-S'-Xbal 


CGACATAGTCTACACCGCCAAGATGAGAGTQATGG 






(SEQ ID NO:33) 




DU151gpl603' - 


- GATCTCTAGATTATTGCAAAGCTGCTTCAAAGCCC 


65 


Xbal 


(SEQ ID NO:34> 
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E. Construction of Double Subgenomic IRES Replicons Example 3 
Expressing Multiple NOIs 

An IRES replicon vector coding for two 26S-spacer-IRES- NOI Expression Analysis from IRES-Directed 

NOI cassettes in series was constructed. The base pERK Replicons 

vector used to generate the double subgenomic IRES repli- 5 

cons (pERK MCS2) contained a 342 bp spacer region down- A EMCV ires Replicon Expression 

stream of the 26S promoter and coded for the following 

restriction sites in its MCS (5* AscI, SnaBI, SphI 30- 1 * CAT E^"**"* 

The C-terminal portion of the heavy chain (He) of botuli- 10 CAT P rotein expression was examined using the pERK/ 

num neurotoxins A and B (BoNT A and BoNT B) was cloned ^MCV/CAT. pERK/anti-EMCV/CAT, and pERK/AAvr/ 

into pCDNA3 3/EMC V as BamHI/Xbal fragments, general- CAF ie P hcc ? constnjcts^Capped replicon RNAs were in 

ing pCDNA33/EMCV/BoNT A and pCDN A3. 3/EMC V/ 71 ™^o^ m ^ ^ 
BoNT B, respectively- The BoNT genes were digested out of ^Jf**** W % N °* f 1300 )"^ ™* F*f « 

the pCDNA3.3/EMCV vectors with AscI restriction enzyme is cT^T'J^l ^ ^T* Corporator!, 

/*x. a t T?\M/~*\7m vrr ~ .. J . I , Germantown, Md) following me manufecturers instructions, 

and ^Ascl ^^m^se^s were ligated mto AscI Vero ^ (6x $ cells) ^nded in 0.4 ml InVitrus™ 

ineanzed ^pERK MCS2 DNA, generating pERK/BoNT A chemically defined cell culturrmedium, (Cell Culture Tech- 

MCS2 and pERK/BoNT B MCS2 monovalent vectors. Ori- nolog jes GmbH, Zurich, CH; Catalog No. IVT) and elec- 

entation of the insert was determined by restriction analysis troporated with 15 ugof either pERK/EMCV/CAT orpERK/ 

and clones with inserts in the sense orientation were isolated. 20 anti-EMCV/CAT RNA using a Bio Rad Gene Pulser (BioRad 

The EMCV IRES and BoNT genes were sequenced to verify Laboratories, Hercules, Calif.). Cells were pulsed four times 

that no errors were introduced during cloning before further with the electroporator set at 290 volts and 25 microfarads, 

experiments were initiated. CAT expression was detected by IFA using a rabbit anti-CAT 

To generate the double subgenomic BoNT A/B IRES rep- 25 antibody on methanol fixed cells and by EL1SA using elec- 

licon construct (pERK-BoNT A/B MCS2) the monovalent troporated cell lysates and a cornmerciaUy available CAT 

pERK BoNT MCS 2 vectors were utilized. The pERK/BoNT ELIS A kit (Boehringer Mannheim, Indianapolis, Ind.). 

B MCS2 vector was partially digested with PspOM I restric- Random DNA fragments were cloned between the EMCV 

tion enzyme and the ends were made blunt using T4 DNA IRES sequence and the VEE subgenomic promoter at a 

polymerase. The pERK/BoNT B MCS2 DNA was further 30 unic J ue EcoRV site located in the pERK vectors. The small 

mgestedwimSphIrestrictionenzymetoreleasea26S-342bp DNA foe™ 61 * 8 cloQed between the 26S promoter and the 

spacer-EMCV-BoNT B fragment. The 26S-342 bp spacer- EMCV IRES came from Mul restriction enzyme digested 

EMCV-BoNT B fragment was then ligated into SnaBI/Sphl P ct >NA3.1 (-) DNA The Alul restriction enzyme cuts fre- 

mgestedpERK^oOTAM^DN^generatingthepERK- ? UCDtly PCDNA3.K-) DNA resultmg in blunt end 

BoNT A/B MCS2 vector. The final structure ofle construct 35 *J*^ J ■ ™ ™ *P ? 6bp. TTje Alul 
is 5' NCR.nsPlA3 f 4-26S-342 bp spacer-EMCV-BoNT 

A , xc . Zl cxxn/D ktt Dxrrn ^_ lmeanzed pERK/EMCV/CAT, pERK/antj-EMCV/CAT, and 

A-26S-342 bp spacer-EMCV-BoOT B-NCR 3'. The pERK/AAvr/CAT DMAs. Individual clones were sequenced 

sequence of the double subgenomic IRES replicon was ven- t0 determine what spacer fragment had been cloned into each 

fied before expression and VRP packaging studies were con- ^ new vector. The size of some of the spacer fragments found in 

ducted - the vectors was larger than the largest predicted pCDNA3.1 

F. Construction of an IRES-Containing S.A. AR86 Replicon ( r } M ^ to li ^? n of multi P le figments into 
a —i;™ vtrtrsr Ao™,~a c a AOfi< /^d^co the spacer region of these replicons. Each spacer-IRES rep- 

de^T ^ »t 7^ /^ 7^, io^ Ucon W3S transcribed and the RNA electroporated into Vero 

d^b^mHeiseetaJ JViroL 2003 77 2^ 1 149-56) was cells as described above. CAT protein expression was moni- 

HIV gag fragment was PCR amplified from pERK/EMCW 

gag 342 DNA using primer stuffer 342 (Qal) and 3-42.pr4 TABLE 6 

(Table 5). Amplification with the 3-42.pr4 primer allows ^ 3 

incorporation of 3* Clal site that exists just downstream from 50 
the HIV gag gene in the pERK/EMCV/gag 342 DNA. The 
PCR product was then digested with Qal restriction enzyme 
and ligated into Clal linearized pRep89, generating the 
pRep89/EMCV/gag 342 vector. The entire inserted region 

was sequenced to ensure that no errors had been introduced 55 
during PCR amplification. 



TABLE 5 


Primer 


Sequence 5 '-3' 


stuffer 342 (Clal) 


CCATCGATCTATTCCAGAAGTAGTGAGG 




<SEQ ID NO: 3 5) 


3-42 .pr4 


CAATCGCCGCGAGTTCTATG 




(SEQ ID N0-.36) 
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CAT expression analysis from EMCV-IRES contai 


ninR replicons 


Replicon 


size of 


Jig CAT/ug 


spacer fragment 


total protein 


pERK/anri-EMCV/CAT 


133 


2.1 


pERK/EMCV/CAT 


234 


9.9 


pERX/anti-EMCV/CAT 


234 


1.5 


pERX/AAvr/CAT 


234 


0.4 


pERK/AAvr/CAT 


226 


0.5 


pERK/EMCV/CAT 


342 


10.3 


pERX/ant i-EMCV/CAT 


357 


0.1 


pERK/EMCV/CAT 


805 


7.4 


pERK/anti- EMCV/CAT 


706 


0.5 


pERK/AAvr/CAT 


631 


0.02 



The results indicate that CAT expression from pERK/ 
65 IRES/CAT replicon constructs containing spacer fragments 
is robust and directed by the IRES, as compared with similar 
vectors with no spacer fragments (approximately 4-7 ng 
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CAT/ug total protein). The highest levels of expression of the 
heterologous gene occurred when spacer fragments greater 
than approximately 200 nucleotides were introduced between 
the 26S promoter and the EMCV IRES sequences. 

2. Multiple NOI Expression from a Single Replicon 

Expression and packaging of the pERK-BoNT A/B MCS2 
replicon were canied out in Vero cells. Capped pERK-BoNT 
A/B replicon RNA was transcribed and purified as described 
above. Vero cells (1 xlO 8 cells) were electroporated with 30ug 
of replicon RNA, 30 ug of capsid helper RNA and 30 ug of 
glycoprotein helper RNA. Electroporated cells were analyzed 
by IFA using horse anti-BoNT A and BoNT B antibodies 
(Perimmune, Rockville, Md.) before VRP were harvested. 
Results of the IFA and titration of VRP generated are shown 
in Table 7. 

TABLE 7 



10 



troporation. Anti-Gag IFA analysis of Rep89/EMCV/gag 342 
electroporated cells was positive for Gag protein expression 

B. EV71-MS IRES Replicon Expression 

Expression of CAT protein from each EV71-MS contain- 
ing replicon was carried out in Vero cells. Capped replicon 
RNA was transcribed and purified as described above. Vero 
cells (2-3 xlO 7 cells) were electroporated with 30 ug of rep- 
licon RNA. Electroporated cells were analyzed by IFA using 
anti-CAT (Cortex Biochem, San Leandro; Calif.) and anti- 
VEE nsp2 antibodies (Alpha Vax) approximately 18 hours 
post electroporation- In addition, CAT expression was moni- 
tored by ELISA as described above. Results of IFA and CAT 
ELISA comparing activity detected from pERK/EMCV/CAT 
342 and pERK/MS/CAT 342 replicons are shown in Table 9. 

TABLE 9 



Replicon 



Anti-BoNT A Anti-BoNT B 
IFA IFA 



VHP titer 20 Re P !icoD 



AntiCAT AntiVEE ng CAT/ug reduction in 
IFA nsp2 IFA protein translation 



pERX-BoNTA/B MC52 Positive 



Positive 2 xlO 9 VRP 



3. HTV gpl60 Expression 

The pERK/EMCV/gpl 60 1 67 replicon (Example 2D) was 
analyzed for expression of the gp 160 gene and VRP genera- 
tion. Purified RNA was prepared for the replicon, GP helper 
and capsid helper as described above. Vero cells were elec- 
troporated with the RNAs and VRP were collected 20-24 
hours post electroporation. Results of IFA and VRP titration 
are summarized in Table 8. For comparison, a pERK. replicon 
expressing gpl60 directly from the 26S promoter was also 
evaluated. 



pERK7MS/CAT 342 
pERK/anti-MS/CAT 
342 

pERK/EMCV/CAT 

25 pERX/AAvr/CAT 
342 



20.1 
0.6 



14.8 
0.0 



NA 
97% 



NA 
>99% 
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TABLE 8 


Replicon 


Anti-gpl60IFA 


VRP titer/ml 


pERX/gpl60 


Positive 


2.1 x 10* 


pERK/EMCV/gp!60 167 


Positive 


2.5 x 10* 



4. HTV GAG expression from a S.A. AR86Replicon 

pRep89/EMCV/gag 342 DNA was transcribed in vitro, 
using an SP6 RiboMax kit (Promega Corporation; Madison, 
Wis.; Cat No. PI 280), to generate capped replicon RNA. 
RNA was purified using RNeasy purification columns 
(Qiagen Corporation, Gemantown, Md.) following the manu- 
facturers* instructions. Vero cells (1x10* cells) were elec- 
troporated with 30 ug of Rep89/EMCV/gag 342 RNA and 
then analyzed for Gag protein expression -18 hr post elec- 



Example 4 

IRES-Directed Translation with Different Spacers 

A. Replicon Constructs 

1 . EMCV IRES-Containing Constructs 

Pairs of replicon constructs coding for either the EMCV or 
antisense-EMCV IRES sequences were prepared that con- 
tained exactly the same spacer region. These comparisons 
demonstrate that only the EMCV IRES sequences in the 
sense-orientation (i.e. in the 5'-3' orientation in which the 
sequence is found in the virus) direct cap-independent trans- 
lation; that is, very little translation occurs when the IRES is 
in an ant i -sense orientation, indicating that a properly-ori- 
ented IRES element is required to obtain significant CAT 
expression in these constructs. These replicon constructs 
were prepared as described above. Each spacer-IRES repli- 
con was in vitro transcribed and 30 ug of each purified RNA 
was electroporated into 1 xlO 7 Vero cells as described above. 
CAT protein expression was monitored by CAT ELISA and 
the results are summarized in Table 10. 



TABLE 10 



Comparison of CAT expression using spacer- EMCV or spacer- ami -EMCV IRES replicons. 



replicon 



size of ngCAT/ 
spacer ug total 
fragment proteb replicon 



size of ngCAT/ reduction Fold 
spacer ug total Id increase in 

fragment protein translation* translation* 



EMCWCAT 257 
EMCWCAT 342 



16.9 Anrj. 257 3.1 82.7 5.5 

EMCV/CAT 

35.6 Anti- 342 0.2 99.4 178 

EMCV/CAT 
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TABLE 10-continued 



replicon 


size of 
spacer 
fragment 


ngCAT/ 
fig total 
protein 


replicon 


size of 
spacer 
fragment 


DgCAT/ 
Mg total 
protein 


^ v "Tl 
% 

reduction 
in 

translation* 


Fold 
increase in 
translation* 


EMCV/CAT 


357 


7.6 


Anti- 


357 


0.4 . 


94.7 


19 








EMCV/CAT 










EMCV/CAT 


383 


28.7 


Anti- 


383 


0.6 


97.9 


48 








EMCV/CAT 










EMCV/CAT 


579 


40.0 


Anti- 


579 


0.3 


99.2 


133 








EMCV/CAT 










EMCV/CAT 


749 


6.74 


Anti- 


749 


0.03 


99.5 


224 








EMCV/CAT 











•% reduction in translation in the anti-sense oriented IRES constructs relative to the sense-oriented, IRES 



"Fold increase in translation from the sense oriented IRES element relative to translation from constructs with 
an anti-sense oriented IRES element 



The data show that CAT protein expression was greatly 
reduced (in most cases >95%) when the replicon contained a 
spacer and an anti-sense EMCV IRES upstream of the CAT 
gene. Furthermore, the data demonstrate the capability of an 
I RES -directed protein expression system to optimize the 25 
level of expression of NOI. The optimization is NOI-specific, 
but utilizing the teachings herein, the identification of spacer- 
IRES combinations that provide the desired level of expres- 
sion for any given NOI would be routine to one of ordinary 
skill in the art 30 



2. Use of a Spacer Derived from a 5' Non-Coding Region 

A pERK replicon was engineered to contain the full-length 
VEE capsid protein gene by PCR amplifying the capsid 
sequence from pH500A/Vcap using the CapS'F and 3-1 .lprl 
primers (Table 11). The resulting PCR product was inserted 
into the EcoRV and SphI restriction enzyme sites of pERK. 
"pERK/Capsid," was modified further to contain a unique 
AscI restriction enzyme at the 3' end of the capsid gene using 
AscIF and AscIR primers (Table 11) for site-directed 
mutagenesis using a commercially available kit (Stratagene). 
Serial truncations of the VEE capsid sequence were then 
generated by PCR amplification of sequences from pERK/ 
Capsid using a forward primer (13-82.2.16) that anneals 
within the nsP4 gene and reverse primers (Table 1 1 ), that have 
been engineered to contain an AscI restriction enzyme site. 
PCR products were digested with Apal and AscI or Swal and 
AscI and cloned back into pERK/Capsid to generate pERK/ 
Cap200, pERK/Cap400 and pERK/Cap600. These replicons 
retain increasing amounts of sequence from the 5' end of the 
capsid gene to function as a "spacer" between the 26S pro- 
moter and the downstream constructs to be inserted. To intro- 
duce an EMCV/CAT cassette into each of the pERK/Cap 
vectors described above, pCDNA3.3/EMCV/CAT DNA was 
digested with AscI restriction enzyme to release a 1303 bp 
EMCV/CAT fragment. The AscI digested EMCV/CAT frag- 
ment was then ligated into the AscI linearized pERK/Cap 
vector DNAs, generating pERK/EMCV/CAT Cap 200, 
pERl/EMCV/CAT Cap 400 and pERK/EMCV/CAT 
Cap600. 



TABLE 11 -continued 



Primers for generating capsid spacer replicons. 



3 - 1 . lprl 5 • - TAAGAGCCCCGAGCGATCCT- 3 • 

(SEQ ID NO: 38) 

AscI F 5 1 - CCGCGAGTTCTATGTAAGCGGCGCGCCAATTGTT 

ACAGACACATGGTGG-3 • (SEQ ID NO: 39) 

AscIR 5* -CCACCATGTGTCTGTAACAATTGGCGCGCOGCTT 

ACATAGAACTCGCGG-3 1 (SEQ ID NO: 40) 



CAP200 (AscI) 5 • - TTGGCGCG CCTTCTTCGGTTTCTTAGCGGATGGC 
CC-3' (SEQ ID NO: 42) 

(SEQ ID NO: 43) 

CAP600 (AscI ) 5 ' - TTGGOGCGCCTGTAATAGCCT TGGGGTTTCTCAT 
GGG-3 ' (SEQ ID N0:44) 



45 



These replicons, containing portions of the 5' region of the 
VEE capsid gene, were linearized, in vitro transcribed, elec- 
tropo rated into Vero cells and analyzed for CAT protein 
expression by IFA and ELISA. CAT protein expression was 
verified by IFA using CAT- specific antibodies; however, the 
intensity of immunofluorescence varied depending on the 
length of the capsid gene spacer used. These results were 
reflected in the CAT EUSA (Table 1 2). 

TABLE 12 



TABLE 11 



Primers for generating capsid spacer replicons. 



CapS'F 



S- -GTTCCCGTTCCAGCCAATGTATCCG-3 * 
(SEQ ID NO:37) 



Cot protein e 


Depression 


from replicons 


contain in 


g capsid Rene spacers 




60 


CAT 


DSP2 




Construct 


IFA 


IFA 


CAT Protein 


pERK/EMCV/CAT Cap 200 


75% 


95% 


29 ng/p,g total prot 


pERK/EMCV/CAT Cap 400 


60% 


95% 


2 ng/jrg total prot. 


pERKVEMCV/CAT Cap 600 


60% 


95% 


5 ng/jig total prot. 


pERK/EMCV/CAT 342 


50% 


50% 


14 ng7jig total prot. 



Case 1:09-cv-00730-EGS 



Document 1 Filed 04/21/2009 Page 32 of 60 



US 7,442,381 B2 



33 



B. Helper Constructs 

1 . Constructs Comprising the EMCV IRES 

Helpers were constructed which individually expressed 
either the VEE glycoprotein genes ("GP") or the VEE capsid 
gene. Initially, two empty helper backbone vectors were gen- 
erated to facilitate construction of spacer-IRES containing 
capsid and GP helpers. One empty helper was generated by 
digesting the pERK vector with Apal and Rsrll restriction 
enzymes to remove 6989 bp of the nonstructural protein 
coding region. The DNA was treated with T4 DNA poly- 
merase to produce blunt ends before ligating the nonstruc- 
tural gene-deleted pERK vector to produce pH500G. The 
pH500G empty helper contained approximately 500 nucle- 
otides of the 5* noncoding region (NCR). The second, empty 
helper was generated by digesting the pERK vector with Swal 
and Rsrll restriction enzymes to remove 6449 bp of the non- 
structural protein coding region. The DNA was treated with 
T4 DNA polymerase to produce blunt ends before ligating the 
DNA, generating pH 1500G. The pH 1500G empty helper 
contained approximately 1500 nucleotides of the 5' NCR, 
including an additional 540 bp of the nsp4 gene immediately 
upstream of the 26S promoter that is not present in the 
pH500G helper. Empty helper constructs were also prepared 
that coded for an A rather than a G residue at nucleotide 3 
(pH500A and pH 1 500A). These constructs were prepared by 
subcloningthe 5* NCR region from a capsidhelper (pH500A/ 
Vcap), which contains an A at nucleotide 3, in place of the 
same region in pH500G and pH1500G. This was accom- 
plished by digesting pH500A/Vcap with Xbal and Sacl 
restriction enzymes, collecting the 430 bp fragment and ligat- 
ing it into Xbal and Sacl digested pH500G and pH1500G 
DNAs, generating pH500A and pH1500A respectively. 

The capsid and GP genes were cloned into pCDNA33/ 
EMCV and pKS-rep2/anti-EMCV as BamHl and Xbal frag- 
ments as described above. The EMCV/capsid, anti-EMCV/ 
capsid, EMCV/GP and anti-EMCV/GP cassettes were cloned 
into the pH500G } pH500A, pH1500G and pH1500A empty 
helper constructs as AscI fragments as described above. The 
sequence of each helper was confirmed before further experi- 
ments were initiated. 

Random spacer fragments were cloned between the 26S 
promoter and the EMCV or anti-EMCV IRES in each helper 
at a unique EcoRV site as previously described. The sequence 
and length of the inserted spacer fragments was determined 
for each new helper, and the length of the spacer insert is 
included at the end of the construct designation. Spacers #1 5, 
16, and 22 were not further characterized. The constructs 
pH500A/EMCV/GP and pH500A/anti-EMCV/GP contain 
no spacer. 

2. Packaging and Titers Using EMCV IRES-Containing GP 
and/or Capsid Helper Combinations 

Various combinations of the GP and Capsid helpers were 
used to package a VEE replicon expressing the HTV-GAG 
protein, pERK-342/EMCV/gag (see Example 7 for a descrip- 
tion of the construction of this replicon). For the results pre- 
sented in Table 1 3, 30 ug of each RNA helper and 30 ug of the 
replicon RNA were co-electroporated into Vero cells in a 0.8 
ml electroporation cuvette, using 4 pulses at 580V and 25 uR, 
and the cells were allowed to recover at room temperature for 
10 min. Electroporated cells were seeded into T-175 flasks 
containing 50 ml EMEM (10% FBS) with antibiotics and 
incubated at 37° C. After 20-24 hours, VEE replicon particles 
("VRPs") were collected and tittered on Vero cells in 96-well 
plates by measuring GAG protein expression using an immu- 
nofluorescence assay (IFA). The VRP yield (Table 13) from 
each electroporation is expressed on an "IU/ml" basis, for 
comparative purposes. 
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TABLE 13 



Capsid Helper 



GP Helper 



Yield of 
VRPs (IU/ml) 



pHSOOA/EMCV/Vcap 384 
pHSOOA/EMCV/Vcap 291 
pH1500A/EMCV/Vcap 167 
pHSOOA/Vcap 
pH500A/Vcap 

10 pHSOOA/Vcap 
pHSOOA/Vcap 
P H500A/EMCV/Vcap291 
pH1500A/EMCV/Vcap 167 
pH50QA/Vcap 
pH500A/EMCV/Vcap291 

15 pH1500A/EMCV/Vcap 167 
pHSOOA/EMCWVcap 384 
pHSOOA/EMCV/Vcap 291 
pHl500A/EMCV/Vcap 167 
pHSOOA/Vcap 
pH50QA/EMCV/Vcap 3 84 
pHSOOA/EMCV/Vcap 291 

ZU pHlSOOA/EMCV/Vcap 167 
pH500A/Vcap 

pHSOOA/EMCV/Vcap 291 , 



pH500A/EMCV7GP393 

pH500A/EMCV/GP 393 

pH500A/EMCV/GP393 

pH5O0A/EMCV/GP393 

pH300A/EMCV7GP#15 

pH500A/EMCV/GP#16 

pHSO0A/EMCV7GP #22 

pH500A/EMCV/GP29l 

pH500A/EMCV/GP 291 

pH500A/EMCV/GP 291 

pHSOOA/EMCV/GP 

pH500A/EMCV/GP 

pH500A/EMCV/GP376 

pH500A/EMCV/GP376 

pH500A/EMCV/GP 376 

pH500A/EMCV/GP 376 

pH500A/EMCV7GP342 

pH500A/EMCV/GP 342 

pH500A/EMCV/GP 342 

pH5O0A/EMCV/GP342 

pH500A/GP 



pH 1 500A/EMCV/Vcap 1 67 pH500A/GP 



25 



1.6e6 
1.32e6 
Ule6 
1.92c5 
2.35e5 
5.55e$ 
I.l5e6 
2.22e6 
S.l6c6 
l.75e5 
1.00e7 
6.20e7 
2.99e5 
1.49e5 
l.71e5 
8.53c4 
8.11e5 
8.32e5 
1.07e6 
\J92e5 
3J6e8 
l.OOeS 
1.13e8 
2J7e7 
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In other experiments, the amount of GP Helper RNA was 
varied in the electroporation milieu; all other conditions for 
VRP production were as described above. The results are 
shown in Table 14. 

TABLE 14 







pgGP 


VRP Yield 


Capsid Helper 


GP Helper 


RNA 


(ru/mi) 


pHSOOA/Vcap 


pH500A/EMCV/GP 393 


45 


1.5 le6 


pH500A/Vcap 


pH500A/EMCV/GP 393 


60 


2.24e6 



3. 26S-IRES GP Helpers Without a Spacer 
40 This experiment was performed to see whether a spacer 
was required in the GP Helper to uncouple transcription from 
translation. Vero cells were separately electroporated with 
each of the following mixtures: 

a. Gag Replicon Vector (see Ex. 6)+pH500A/anti-EMCV/ 
45 GP+pH500A/anti-EMCV/Vcap 291 

b. Gag Replicon Vector+pH5Q0A/EMCV/GP+pH500A/ 
EMCV/Vcap 291 

Cells were incubated as described previously to allow VRP 
production and the VRPs were harvested and tittered on 
50 VERO cells by IFA. In the case of the helpers with the IRES 
in the sense orientation (the "b." mix), the VRP yield was 3 .3 
e6; while in the case of the helpers in which the IRES is placed 
in the anti-sense orientation, the VRP yield was 5.3 e2. 

4 . Production and Use ofVEE Helper Constructs Containing 

55 the XIAP IRES 

The VEE capsid C'VCap") and glycoprotein ("VGP") 
genes were PCR amplified from pHSOOA/Vcap and pHSOOA/ 
GP, respectively, using PFU pol (Stratagene; LaJolla, Calif.) 
and CapS'F or 1 3-87prl forvard primers and 3-l.lprl reverse 

60 primers (Table 2, see Example 1 B). The resulting PCR prod- 
ucts were cloned into the EcoRV and SphI sites of pKS-rep2. 
This strategy reconstitutes the VEE structural protein start 
codon at the wild-type start of the XIAP gene. The VEE 
structural protein sequence in each plasmid was verified by 

65 automated DNA sequencing, and the resulting plasmids were 
used for in vitro transcription. RNA was purified using 
Qiagen RNeasy columns and electroporated into Vero cells 
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for analysis of protein expression and packaging. All helpers pERK/HTV^ DNA using primers GAG-F and GAG-R 

expressed either VEE capsid or glycoproteins as determined (Table 1). The primers were engineered to contain BamHl 

by IFA, and titers recovered for a VEE rep! icon expressing the restriction sites such that the PCR product would code for this 

H1 X GA< i?™ t !^K d fr0m lxl0Sto lxl ° 7total - site at the 5' and 3' ends. The PCR product was digested with 

The X1AP1007-VEE structural protein construct s BamHIrestrictionenzyme and ligated into BamHl linearized 

^f^jSf!" W3S a i S ° , C i 0I ^'?° a , second hB * er P'. as - PCDNA3.3/EMCV DNA. Orientation of the gag gene was 

mid, pH 1 500A, as an Apal/Sphl DNA fragment, generating determined by restriction analysis and a construct with the 

PH1500A/XIAP/Vcap 1007 and pH15TOA/XIAP/GP 1007^ m Ae CTeS VZlEE^SlSl 

These plasmids were used to make RNA and electroporated pCDNA33/EMCV/gag. The EMCV/gag gene cassette wal 

f^°n ^ C6 ? Sa ! a ^ V \ ,0an ^^ e u P ? temeXpreSS, J 0n .? ,d to <"g«ted from pCDNA3.3/EMCV/gag DNA with Ascl 

Y 1 ^ P^S^S Again, the resulung helpers expressed either enzyme and ligated into Ascl linearized pERK- 

the VEE capsid or gfrcoprotem as determined by IFA, and 342 DNA orientation of the EMCV/gag gene cassette was 

OteisrangedfromlxlO^ooyer lxl0 9 totalVRP,demonstrat- determined by restriction analysis and a wnstnict with the 

rngthegainfromthetranscnptronofthesubgenomicmRNA gene m the correct orientation was selected, generating 

from the 26S promoter. pERK-342/EMCV/gag. The sequence of the EMCV/gag 



Examples 



region was verified before further experiments were initiated. 
Analysis of gag protein expression, by IFA and Western 
VT _,. , . . . blot, indicated that the protein expressed under the direction 

Northern! analysis was earned out on total cellular RNA of the IRES in the pEWC-342/EMCV/gag replicon is indis- 

C ^ ^ f° C6 tT W r Ch repbC ° n ^ WEre , n tinguishable from the protein expressed from a pERK^IV^ 
electroporated -Spacer-IRES replicon constructs were in 20 )jcon jn which ^ mi tJ^ai^ ™ 

vitro tnmscnbedarKl 30 pg of RNeasy column-punfied RNA Reeled by the 26S VEE subgenomic promoter. In addition, 
was dNtammted. mto approximately xlO 7 Vero cells as ^ !evel of ^ Measured by titering VRP, was 

^ f S'^T^^" 06 "??^ increasedwimtoelRES^iirectedsystemascomparedtothe 

^ \ r d ' a ' ^ { $TT\ 6 y ? oM°r 26S Pro-noter^lirected system (Table 15). 

cells) were seeded into one 25 cm 2 flask. Total cellular RNA 25 

was collected from the cells 1 6 hr post electroporation using tart c i s 

an RNAwiz extraction kit (Ambion) following the manufac- lAtfLfc O . 

turers' instructions. The RNAs were quantified and 10 ug of comparison ofVRP titers generated 

each were run on a 1% glyoxal agarose gel before being with different replicon vectors 

transferred to a Brightstar-PIus membrane (Ambion) by pas- 30 

sive transfer. The RNAs were UV crossliiked to the mem- Replicon vector vrp titer 

brane, blocked with UltraHyb (Ambion) solution for 1 hr at p erk/htv 4 o x io b ifu 

45° C, and probed overnight with UltraHyb solution contain- pERK- 34 2/ EMCV/gag 53 x 10 8 ifu 

ing a biotinylated anti-sense primer (3* UTR4Xbiotin, Table ' 

1) specific for the 3' UTR of the VEE subgenomic RNA 
(Integrated DNA Technologies, Coralville, Iowa) 45° C. 35 

After overnight hybridization the blot was processed by Example 7 

chemi luminescent RNA detection using a Brightstar Biode- 

tect kit (Ambion) following the manufacturers instructions Humoral and Cellular Immune Responses in Mice 

and visualization with a Epi Chemi II Darkroom (UVP, Inc., Inoculated with IRES-Directed HIV Gag Replicon 

Upland, Calif.). Results of Northern analysis of RNA from 40 Particles 
Vero cells electroporated with pERK/EMCV/CAT 257, 

P ^ MC nrf»li\? ^epERK^MCV/ B ag342repliconelicit 5 robusthumoral 

^; a f^SE£ r 15 * ^ ^'J'S^V^ and celIular espouses when vaccinated into animals. Four- 
EMCV^danU-EMCVrephconc^nstmcts t0 . five wedw) * femfl1e ^ ^ were from 

f ^Tf l .T^ ,ll,d ^5^ 45 Charles River and were acclimatized for one week prior to 
hck of expression of CAT protein from spacer-anti-EMCV/ procedure. For the prime and boost, groups of mice were 

^L?n £ n0t dUC t0 m substantlve inoculated m both rear footpads under i sofluoVane anesthesia 
reduction m subgenomic RNAs. with a ^ dose of 5xl0 5 IFU ofV RP in diluent containing 

F PBS with l%v/v human serum albumin and 5% w/v sucrose. 

amp 50 Footpad injections were performed with a 30.5 G needle and 

_ _ a 0.1 00 mL Hamilton syringe by injecting 20 uL in each hind 

Construction of an HIV Gene IRES-Directed footpad Serum samples were obtained by retro-orbital bleed- 

Replicon Vector j n g under isofluorane anesthesia before the first inoculation 

on Day 0 (pre-bleed), Day 21 (20 days after the primary 
An HIV subtype C gag gene was cloned into the pERK/ J5 inoculation) and Day 29 (7 days after the boost). The vacci- 
EMCV vector containing a 342 bp spacer (pERK-342), as nation schedule is summarized in Table 16. Spleens were 
described above. The gag gene was PCR amplified from harvested 14 days after boost for IFN-v ELISPOT assays 

TABLE 16 



IRES-directed replicon VRP vaccination schedule 

Serum 

Mouse VRp Dose, Inoculation Sampling 

Group N strain Vaccine IFU Route Day Day 



1 5 BALB/c EMCV/Gag342 2 5 x 10 5 sc-fp 4 Dayl&22 Day 0,21. 29 

2 5 BALB/c EMCV/Gag342 J 5x10* sc-fp 4 Dayl&22 Day 0,21, 29 
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TABLE 16-continued 



IRES-dlrected reolicon VRP vaccination schedule 

Scrum 

VRP Dose, Inoculation Sampling 

Group N strain Vaccine If U Route Day Day 

3 5 BALB/c Control VRP 3 5 x 10 3 sc-fp 4 Dayl&22 Day 0.21, 29 

'GMP manufactured Gag VRP prepared with un-modified pERK rep Si con vector 

2 342 rcfcis to the number of nucleotides in the spacer upstream of the IRES/Gag cassette. 

3 Control VRP consist of repHcons expressing an HIV Pol/Nef gene. 

4 sc-fp refers to subcutaneous footpad. 



A. Immunologic Assays Performed After Vaccination 

Gag EUSA: Purified recombinant histidine-tagged (his)- 
p55 from HTV-1 subtype C isolate DU-422 was used as anti- 
gen coat Sera were evaluated for the presence of Gag-specific 
antibodies by a standard indirect ELISA. 

Gag ELISPOT Assay: Viable lymphocytes harvested from 
spleens were seeded into individual ELISPOTassay wells in a 
Multiscreen Immobilon-P ELISPOT plate (ELISPOT certi- 
fied 96-well filtration plate, Millipore, Bedford, Mass.) that 
had been p re-coated with an anti-IFN-f monoclonal antibody 
AN! 8 (rat IgGl , MabTech, Mariemont, Ohio), and incubated 
for 1 6-20 hours. Cells were removed by multiple washes with 
buffer and the wells were incubated with a biotinylated anti- 
IFN-y monoclonal antibody R4-6A2 (rat IgGl, MabTech), 



H-2 K rf -restricted HIV-Gag peptide AMQMLKETI or an 
1 5 irrelevant HA (influenza hemagglutinin) CD8+ CTL H-2 
restricted peptide I YSTVASSL that binds to MHC Class I, for 
1 6-20 hours (5% C0 2 at 37° C). Cells minus peptide serve as 
a background control. As a positive control, cells were stimu- 
lated with 4 ug/mL Conconavalin A for a similar time period. 
20 Peptides were synthesized with free ends and purified to 
>90% by New England Peptide. 

HIV VRP Potency Titration: A Gag-specific IFA of 
HIV VRP infected Vero cells was used to measure the 
potency or infectious titer of the vaccines. Potency is mea- 
23 sured as infectious units per mL, 1 FU/mL . On the day of each 
injection residual inocula were back-titrated to determine the 
actual dose each animal received (Table 17). 



TABLE 17 



Summary of Gag EUSA and E LISPOT results 

ELISPOT 1 

Inoculations Dose Gag Ab Titers (SFC/le6 







fIFU) 




7 Days Post 




lymphocytes) 




HIV VRP 


Prime 


Boost 


Pre-b!eed 


Boost 




14 Days Post 


Moused Vaccine 


Day 1 


Day 22 


Day-1 


Day 29 


GMT 2 


Boost Day 36 


1-1 


EMCV/gag 342 


6.8e5 


4.4e5 


<40 


20480 


23525 


341 


1-2 








<40 


40960 






1-3 








<40 


20480 




323 


1-4 








<40 


20480 






1-5 








<40 


20480 






2-1 


EMCV/gag 342 


1.2e6 


5.6e5 


<40 


5120 


13512 


438 


2-2 








<40 


10240 






2-3 








<40 


10240 




741 


2-4 








<40 


20480 






2-5 








<40 


40960 






3-1 


control VRP 


2.8e5 


2.2e5 


<40 


c40 




7 


3-2 








<40 


<40 






3-3 








<40 


<40 




46 


3-4 








<40 


^40 (OD- 0.32) 






3-5 








<40 


540 (OD-0.32) 







! SFC/le6 lymphocytes refeis to spot forming cells per 1 x 10* lymphocytes 
2 GMT, geometric mean titer 



followed by washing and incubation with Avidin-Peroxidase- 
Complex (Vectastain ABC Peroxidase Kit, Vector Laborato- 
ries, Burlingame, Calif). To allow for the complex to form, 
the Avidin-Peroxidase Complex was prepared at least 30 min- 
utes before completion of the incubation period with the 
secondary antibody and was stored at room temperature. Fol- 
lowing incubation, the wells were washed and incubated for 4 
minutes at room temperature with substrate (AEC tablets, 
Sigma) to facilitate formation of spots, which represent the 
positions of the individual IFN -y- secreting cells during cul- 
ture. Spot development was stopped by distilled water rinse. 

To enumerate Gag-specific IFN-y secreting cells in lym- 
phocytes from mice immunized with HIV VRP, lympho- 
cytes were stimulated with the immunodominant CD8+ CTL 



55 Results of the vaccination study indicate that the 342/ 
EMCV/gag VRP vaccinated animals mounted a robust 
humoral and cellular immune response to HIV-Gag, as mea- 
sured by anti-Gag antibody ELISA and Gag specific 
ELISPOT assays. 

60 Example 8 

The activity of several insect virus IRES sequences was 
compared to the activity of a mammalian- virus IRES 
(EMCV) in a number of insect cell lines. Replicon vectors 
65 were designed such that the 26S subgenomic transcript would 
be bi-cistronic. The 26S subgenomic RNA is capped, mean- 
ing that translation of the first gene on the bi-cistronic RNA 
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(Chloramphenicol acetyl transferase (CAT)) is cap-depen- 
dent while translation of the second gene (luciferase (LUC)) 
is dependent on the IRES sequence (cap-independent). Sind- 
bis virus-based replicon vectors were engineered to contain 
the following elements: 5 r NCR, nspl,23,4, 26S promoter, 
CAT gene, IRES, LUC gene, NCR 3*. Two insect virus IRES 
sequences, one derived from Acyrthosiphon pisum virus 
(APV) and the other from Rhopalosiphum padi virus (RhPV), 
were engineered between the CAT and LUC genes. For com- 
parison, a mammalian virus IRES (EMCV) was engineered 
between the CAT and LUC genes into the same Sindbis 
replicon vector. RNA for each replicon construct and an RNA 
helper that coded forall of the Sindbis structural protein genes 
(capsid-E3-E2-6K-El) were transcribed in vitro using SP6 
RNA polymerase. Sindbis replicon particles were prepared 
by electroporating helper RNA and each of the bi-cistronic 
replicon RNAs into 8xl0 6 BHK-21 cells. The media was 
collected, clarified, and replicon particles were purified by 
centrifugation through a 20% sucrose cushion (24,000 RPM 
for 3 hr at 4° C). Replicon particles were titrated using a 
rabbit anti-CAT antibody (Cortex Biochem, San Leandro, 
Calif.). 

To determine the activity of the insect virus IRES 
sequences in comparison to the EMCV IRES, the purified 
Sindbis replicon bi-cistronic particles were used to infect a 
number of different insect cells growing in culture. Insect 
cells used in these experiments were: Toxorhynchites 
amboinensis, Anopheles albimanus, Anopheles gambiae, and 
Aedes albopictus. Insect cells were infected at an MOI of 0. 1 
with replicon bi-cistronic particles. Approximately 1 6 hr post 
infection cell lysates were prepared and the amount of CAT 
protein present in the lysates was determined using a CAT 
ELISA kit (Roche, Indianapolis Ind.) following the manufac- 
turers instructions. In parallel, the amount of LUC protein 
present in the lysates was determined using a luciferase assay 
kit (Roche). The amount of CAT and LUC detected in each 
ly sate was normalized for the quantity of protein used in each 
assay to allow comparison of the two values (Table 1 8). The 
CAT protein detected in each cell type was similar regardless 
of the replicon used. This data indicates that similar infection 
efficiencies were attained within a cell type for each of the 
three IRES containing replicon particles, and thus the LUC 
activity detected in each cell type directly reflects the activity 
of the IRES sequence in that cell type. In each of the insect 
cell types analyzed, the insect-virus IRES had more activity 
(85-95% more) than the EMCV IRES (Table 18). 

TABLE 17 



Comparison of insect- vims IRES (APV oj RhPV) 
activity and mammalian- virus IRES (EMCV) activity 
in different insect cell types. 

LUC activity 





IRES 


ng CAT/pg 


(RLUVpg 
protein 


% difference 


Insect cell type 


analyzed 


protein 


from EMCV 


Tier. 


APV 


2.0 


290.5 


88% 


amboinensis 










Tax. 


RhPV 


2.1 


231.4 


85% 



amboinensis 



:,381B2 

40 

TABLE 17-continued 

Comparison of insect-virus IRES (APV or RhPV) 
activity and mammalian-virus IRES (EMCV) activity 
indifferent bisect cell types. 

LUC activity 





IRES 


ng CAT/ug 


(Riuypg 


% difference 


Insect cell type 


analyzed 


protein 


protein 


from EMCV 




EMCV 


1.6 


33.1 


0% 


amboinensis 










An, Albimanus 


APV 


2.9 


497.7 


93% 


An. Albimanus 


RhPV 


2.0 


468,6 


93% 


An. Albimanus 


EMCV 


2J 


31.8 


0% 


An, gambiae 


APV 


1.8 


525.7 


95% 


An, gambiae 


RhPV 


1.7 


283.6 


91% 


An, gambiae 


EMCV 


1.8 


24.2 


0% 


Ae. albopictus 


APV 


4.8 


87J 


93% 


Ae. albopictus 


RhPV 


4.1 


119 


95% 


Ae. albopictus 


EMCV 


4.7 


5.7 


0% 
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Example 9 

Humoral and Cellular Immune Responses to an 
IRES Replicon in Primates 

25 

A study on the immunogenicity of the pERK/EMCV/gag 
342 containing VRPs (Example 6) was also conducted in 
cynomolgus macaques at the Southern Research Institute in 
Frederick. MD. Each vaccine was administered to six animals 

30 by subcutaneous and intramuscular injection (three animals/ 
route). Animals received two inoculations of 1 xlO 8 vaccine 
particles at 0 and 1 month- Humoral immune responses were 
analyzed 4-weeks after the second inoculation (as described 
in Example 7A), and are presented in Table 19. For compari- 

35 son, a VEE replicon expressing the gag protein directly from 
the 26S promoter (pERK/gag) was also evaluated. 



TABLE 18 



40 



Construct 


Route 


ELISA GMT 


pERK/EMCVYgag342 


Subcutaneous 


1613 


pERK/EMCV7gag342 


Intramuscular 


640 


pERK/gag 


Subcutaneous 


403 


pERKVgag 


Intramuscular 


1280 



Although the present process has been described with ref- 
erence to specific details of certain embodiments thereof, it is 
not intended that such details should be regarded as limita- 
tions upon the scope of the invention except as and to the 
extent that they are included in the accompanying claims. 

Throughout this application, various patents, patent publi- 
cation, journal publications and other publications are refer- 
enced. The disclosures of these publications in their entireties 
are incorporated by reference into this application in order to 
more fully describe the state of the art to which this invention 
pertains and to provide written description for the subject 
matter of the sentence in which these references appear in this 
application. 



SEQUENCE LISTING 

<160> NUMBER OP SEQ ID NOS : 44 
<210> SEQ ID NO 1 
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<211> LENGTH: 18 

<212> TYPE: PRT 

<213> ORGANISM: Artificial 

<220> FEATURE : 

<223> OTHER INFORMATION: Alphavirue attenuating amino acid insertion 
sequence 

<400> SEQUENCE : 1 

lie Thr Ser Met Asp Ser Trp Ser Ser Gly Pro Ser Ser Leu Glu lie 
15 10 15 

Val Asp 



<210> SEQ ID NO 2 

<211> LENGTH: 357 

<212> TYPE: DNA 

<213> ORGANISM: Artificial 

<220> FEATURE : 

<223> OTHER INFORMATION: Spacer sequence generated by Alul digest of 
pCDNA 

<400> SEQUENCE: 2 

ctgaatgaag ccataccaaa cgacgagcgt gacaccacga tgcctgtagc aatggcaaca 60 

acgttgcgca aactattaac tggcgaacta cttactctag ctaccaactc tttttccgaa 120 

ggtaactggc ttcagcagag cgcagatacc aaatactgtt cttctagtgt agccgtagtt 180 

aggccaccac ttcaagaact ctgtagcacc gcctacatac ctcgctctgc taatcctgtt 240 

accagtggct gctgccagtg gcgataagtc gtgtcttacc gggttggact caagacgata 300 

gttaccggat aaggcgcagc ggtcgggctg aacggggggt tcgtgcacac agcccag 357 



<210> SEQ ID NO 3 

<211> LENGTH: 342 

<212> TYPE: DNA 

<213> ORGANISM: Artificial 

<220> FEATURE: 

<223> OTHER INFORMATION: Spacer sequence generated by Alul digest of 
pCDNA 

<400> SEQUENCE: 3 

ctattccaga agtagtgagg aggctttttt ggaggcctag gcttttgcaa aaagcttgta 60 

catccatttt cggatctgat caagagacag gatgaggatc gtttcgcatg attgaacaag 120 

atggattgca cgcaggttct ccggccgctt gggtggagag gctattcggc tatgactggg 180 

cacaacagac aatcggctgc tctgatgccg ccgtgttccg gctgtcagcg caggggcgcc 240 

cggttctttt tgtcaagacc gacctgtccg gtgccctgaa tgaactgcag gacgaggcag 300 

cgcggctatc gtggctggcc acgacgggcg ttccttgcgc ag 342 



<210> SEQ ID NO 4 

<211> LENGTH: 257 

<212> TYPE: DNA 

<213> ORGANISM: Artificial 

<220> FEATURE : 

<223> OTHER INFORMATION : Spacer sequence generated by Alul digest of 
pCDNA 

<400> SEQUENCE : 4 

ctcatttttt aaccaatagg ccgaaatcgg caaaatccct tataaatcaa aagaatagac 60 

cgagataggg ttgagtgttg ttccagtttg gaacaagagt ccactattaa agaacgtgga 120 

ctccaacgtc aaagggcgaa aaaccgtcta tcagggcgat ggcccactac gtgaaccatc 180 

accctaatca agtttctcgg ggtcgaggcg ccgtaaagca ctaaatcgga accctaaagg 240 
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gagcccccga tttagag 257 

<210> SEQ ID NO 5 

<211> LENGTH: 383 

<212> TYPE: DNA 

<213> ORGANISM: Artificial 

<220> FEATURE: 

<223> OTHER INFORMATION : Spacer sequence generated by Alul digest of 
pCDNA 

<400> SEQUENCE: 5 

ctgcgcaagg aacgcccgtc gtggccagcc acgatagccg cgctgcctcg tcctgcagtt 60 

cattcagggc accggacagg tcggtcttga caaaaagaac cgggcgcccc tgcgctgaca 120 

gccggaacac ggcggcatca gagcagccga ttgtctgttg tgcccagtca tagccgaata 180 

gcctctccac ccaagcggcc ggagaacctg cgtgcaatcc atcttgttca atcatgcgaa 240 

acgatcctca tcctgtctct tgatcagatc cgaaaatgga tatacaagct cactcattag 300 

gcaccccagg ctttacactt tatgctcccg gctcgtatgt tgtgtggaat tgtgagcgga 360 

taacaatttc acacaggaaa cag 383 

<210> SEQ ID NO 6 

<211> LENGTH: S79 

<212> TYPE: DNA 

<213> ORGANISM: Artificial 

<220> FEATURE: 

<223> OTHER INFORMATION: Spacer sequence generated by Alul digest of 
pCDNA 

<400> SEQUENCE: 6 

ctgcaataaa caagttgggg tgggcgaaga actccagcat gagatccccg cgctggagga 60 

tcatccagcc ggcgtcccgg aaaacgattc cgaagcccaa cctttcatag aaggcggcgg 120 

tggaatcgaa atctcgtgat ggcaggttgg gcgtcgcttg gtcggtcatt tcgaacccca 180 

gagtcccgct cagaagaact cgtcaagaag gcgatagaag gcgatgcgct gcgaatcggg 240 

agcggcgata ccgtaaagca cgaggaagcg gtcagcccat tcgccgccaa gcttgtatat 300 

ccattttcgg atctgatcaa gagacaggat gaggatcgtt tcgcatgatt gaacaagatg 360 

gattgcacgc aggttctccg gccgcttggg tggagaggct attcggctat gactgggcac 420 

aacagacaat cggctgctct gatgccgccg tgttccggct gtcagcgcag gggcgcccgg 480 

ttctttttgt caagaccgac ctgtccggtg ccctgaatga actgcaggac gaggcagcgc 540 

ggctatcgtg gctggccacg acgggcgttc cttgcgcag 579 

<210> SEQ ID NO 7 

<211> LENGTH: 749 

<212> TYPE : DNA 

<213> ORGANISM: Artificial 

<220> FEATURE: 

<223> OTHER INFORMATION: Spacer sequence generated by Alul digest of 
pCDNA 

<400> SEQUENCE: 7 

ctgcaataaa caagttgggg tgggcgaaga actccagcat gagatccccg cgctggagga 60 

tcatccagcc ggcgtcccgg aaaacgattc cgaagcccaa cctttcatag aaggcggcgg 120 

tggaatcgaa atctcgtgat ggcaggttgg gcgtcgcttg gtcggtcatt tcgaacccca 180 

gagtcccgct cagaagaact cgtcaagaag gcgatagaag gcgatgcgct gcgaatcggg 24 0 

agcggcgata ccgtaaagca cgaggaagcg gtcagcccat tcgccgccaa gctcttcagc 300 
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aatatcacgg 


gtagccaacg 


ctacgtcctg 


atagcggcec gccacaccca gccggccaca 


360 


gtcgatgaat 


ccagaaaagc 


ggccattttc 


caccatgata ttcggcaagc aggcatcgcc 


420 


atgggtcacg 


acgagatcct 


cgccgtcggg 


catgcgcgcc ttgagcctgg cgaacagttc 


480 


ggctggcgcg 


agcccctgat 


gcccttcgtc 


cagatcatcc tgatcgacaa gaccggcttc 


540 


catccgagta 


cgtgctcgct 


cgatgcgatg 


tttcgcttgg tggtcgaatg ggcaggtagc 


600 


cggatcaagc 


gtatgcagcc 


gccgcattgc 


atcagccatg atggacactt tctcggcagg 


660 


agcaaggtga 


gatgacagga 


gaccctgccc 


cggcacttcg cccaatagca gccagtccct 


720 


tcccgcttca 


gtgacaacgt 


cgagcacag 




749 



<210> SEQ ID NO 8 

<211> LENGTH: 30 

<212> TYPE: DNA 

<213> ORGANISM: Artificial 

<220> FEATURE: 

<223> OTHER INFORMATION: PCR primer 

<400> SEQUENCE: 8 

tggcgcgccg ctcggaattc cccctctccc 



<210> SEQ ID NO 9 

<211> LENGTH: 29 

<212> TYPE: DNA 

<213> ORGANISM: Artificial 

<220> FEATURE: 

<223> OTHER INFORMATION: PCR primer 
<400> SEQUENCE: 9 

aggcgcgcct tctatgtaag cagcttgcc 29 



<210> SEQ ID NO 10 

<211> LENGTH: 30 

<212> TYPE: DNA 

<213> ORGANISM: Artificial 

c220> FEATURE: 

«223> OTHER INFORMATION: PCR primer 
<400> SEQUENCE: 10 

gctggatcca tggagaaaaa aatcactgga 30 



<210> SEQ ID NO 11 

<211> LENGTH: 31 

<212> TYPE: DNA 

<213> ORGANISM: Artificial 

<220> FEATURE: 

<223> OTHER INFORMATION: PCR primer 
<400> SEQUENCE: 11 

cgatctagat tacgccccgc cctgccactc a 31 



<210> SEQ ID NO 12 

<211> LENGTH: 26 

<212> TYPE: DNA 

<213> ORGANISM: Artificial 

<220> FEATURE: 

<223> OTHER INFORMATION: PCR primer 
<400> SEQUENCE: 12 

cggaattcat tatcatcgtg tttttc 26 



<210> SEQ ID NO 13 
<211> LENGTH: 31 



Case 1 :09-cv-00730-EGS Document 1 Filed 04/21/2009 Page 39 of 



US 7,442,381 B2 
47 48 

- cont inued 



<212> TYPE: DNA 

<213> ORGANISM: Artificial 

<220> FEATURE: 

<223> OTHER INFORMATION: PCR primer 
<400> SEQUENCE; 13 

cgggatcccc cctaacgtta ctggccgaag c 31 



<210> SEQ ID NO 14 

<211> LENGTH: 27 

<212> TYPE: DNA 

<213> ORGANISM: ArCificial 

<220> PBATURE: 

<223> OTHER INFORMATION: PCR primer 
<400> SEQUENCE: 14 

aggcgcgcca ttatcatcgt gtttttc 27 



<210> SEQ ID NO 15 

<211> LENGTH: 29 

<212> TYPE: DNA 

<213> ORGANISM: Artificial 

<220> FEATURE: 

<223> OTHER INFORMATION: PCR primer 
<400> SEQUENCE: 15 

aggcgcgccc taggggtctt tcccctctc 29 



<210> SEQ ID NO 16 

<211> LENGTH: 42 

<212> TYPE: DNA 

<213> ORGANISM: Artificial 

<220> FEATURE: 

<223> OTHER INFORMATION : PCR primer 

<400> SEQUENCE: 16 

gcggcatgcc aatcgccgcg agttctatgt aagcagcttg cc 42 

( 

<210> SEQ ID NO 17 

<211> LENGTH: 26 

<212> TYPE : DNA 

<213> ORGANISM: Artificial 

<220> FEATURE: 

<223> OTHER INFORMATION: PCR primer 

<4 00> SEQUENCE: 17 

cgggatccat ggctgcgaga gcgtca 26 



<210> SEQ ID NO 18 

<211> LENGTH : 28 

<212> TYPE: DNA 

<213> ORGANISM: Artificial 

<220> FEATURE: 

<223> OTHER INFORMATION: PCR primer 
<400> SEQUENCE: 18 

cgggatcctt atcgagacaa ggggtcgc 28 



<210> SEQ ID NO 19 

<211> LENGTH: 24 

<212> TYPE: DNA 

<213> ORGANISM: Artificial 

<220> FEATURE : 

<223> OTHER INFORMATION: PCR primer 



<400> SEQUENCE: 19 
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ccctgctcgt gccagcgttg atgc 

<210> SEQ ID KO 20 

<211> LENGTH: 35 

<212> TYPE: DNA 

<213> ORGANISM: Artificial 

<220> FEATURE; 

<223> OTHER INFORMATION: PCR primer 
<400> SEQUENCE: 20 

acacgtgggg caaccctgat ttatgcccgt tgtcc 

<210> SEQ ID NO 21 

<211> LENGTH: 30 

<212> TYPE: DNA 

<213> ORGANISM: Artificial 

<220> FEATURE: 

<223> OTHER INFORMATION : PCR primer 

<400> SEQUENCE: 21 

agttaactca aaaagagaaa acaaaaatgc 



<210> SEQ ID NO 22 

<211> LENGTH: 33 

<212> TYPE: DNA 

<213> ORGANISM : Artificial 

<220> FEATURE: 

<223> OTHER INFORMATION: PCR primer 
<400> SEQUENCE : 22 

agatatcttc tcttgaaaat aggacttgtc cac 33 



<210> SEQ ID NO 23 

<211> LENGTH: 25 

<212> TYPE: DNA 

<213> ORGANISM: Artificial 

<220> FEATURE: 

<223> OTHER INFORMATION: PCR primer 
<400> SEQUENCE: 23 

gtccccgttc cagccaatgt atccg 25 



<210> SEQ ID NO 24 

<211> LENGTH: 20 

<212> TYPE: DNA 

<213> ORGANISM: Artificial 

<220> FEATURE : 

<223> OTHER INFORMATION: PCR primer 
<400> SEQUENCE: 24 

gtcactagtg accaccatgt 20 



<210> SEQ ID NO 25 

<211> LENGTH : 20 

<212> TYPE: DNA 

<213> ORGANISM: Artificial 

<220> FEATURE: 

<223> OTHER INFORMATION: PCR primer 

<400> SEQUENCE : 25 

caagagccgc gagcgatcct 20 



<210> SEQ ID NO 26 

<211> LENGTH: 1014 

<212> TYPE: DNA 

<213> ORGANISM: Homo sapieno 
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<4 00> SEQUENCE: 26 



acacgtgggg caaccctgat 



ttatgcctgt 



tgtcccagtg tgattattac tagtgtaatt 



60 



tttcactttg agaagtgtcc 


aggtttggag 


gataaattat ctttctaata attgataccc 


120 


ttctcataac ctaacgggcc 


ccctctagca 


ttttatctgg gttaaaatta ccagctgtaa 


180 


tttggcagct ctaataagac 


tgcagcaata 


cttatcttcc atttgaacag attgttactt 


240 


gaccaaggga agttaatagc 


aaaagtaact 


gcagggcaca tgtatgtcat gggcaaaaaa 


300 


aaaaaagtaa cagcaaccaa 


ggtttgcagg 


tacttagaat ttttcccgag ccaccctcta 


360 


gagggcagtg ttacatatat 


atctgtaatt 


atccagttac aacaaaaaaa gggctctcat 


420 


tcatgcatga aaatcagaaa 


tatttcatac 


tcttaaagaa cacattggaa ccaatattat 


480 


gattaaaaca tattttgcta 


agcaaagaga 


tattaaaaat teattcatta acattctgaa 


54 0 


cattttttaa cttgtaaaaa 


caactttgat 


gccccgaata tataatgatt caccacaaca 


600 


attatgcata gattttaata 


atctgcatat 


tttatgcttt catgtttttc ctaattaatg 


660 


atttgacatg gctaataatt 


ataatatatt 


ctgcaccaca gtttacatat ttatgtaaaa 


720 


taagcattta aaaattatta 


gttttattct 


gcctgcttaa atattacttt cctcaaaaag 


780 


agaaaacaaa aacgccagat 


tttactttat 


gacttgaatg atgtggtaat gtcgaactct 


840 


agtatttaga attagaatgt 


ttcttagcgg 


tcgtgtagtt atttttatgt cataagtgga 


900 


taatttgtta gcccctataa 


caaaagtctg 


ttgcttgtgt ctcacatttt ggatttccta 


960 


acataatgct ctctttttag 


aaaaggtgga 


caagtcctat tttcaagaga agat 


1014 



<210> SEQ 20 NO 27 

<211> LENGTH: 26 

<212> TYPE: DNA 

<213> ORGANISM: Artificial 

<220> PEATORE: 

<223> OTHER INFORMATION: PCR primer 
<400> SEQUENCE: 27 

cgaattctta aaacagctgt gggtcg 26 



<210> SEQ ID NO 28 

<211> LENGTH: 37 

<212> TYPE : DNA 

<213> ORGANISM: Artificial 

<220> PEATORE: 

<223> OTHER INFORMATION: PCR primer 
<4 00> SEQUENCE: 28 

cgggatccgg tcaactgtat tgagggttaa tataaag 37 



<210> SEQ ID NO 29 

<211> LENGTH: 34 

<212> TYPE: DNA 

<213> ORGANISM: Artificial 

<220> FEATURE : 

<223> OTHER INFORMATION: PCR primer 
<4 00> SEQOENCE : 29 

cgggatcctt aaaacagctg tgggttgttc ccac 34 



<210> SEQ ID NO 30 

<211> LENGTH: 36 

<212> TYPE: DNA 

<213> ORGANISM: Artificial 

<220> FEATURE: 
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<223> OTHER INFORMATION: PCR primer 
<4 00> SEQUENCE : 30 

ggaattcggt caactgtatt gagggttaat ataaag 36 



<210> SEQ ID NO 31 

<211> LENGTH: 24 

<212> TYPE: UNA 

<213> ORGANISM: Artificial 

<220> FEATURE: 

<223> OTHER INFORMATION : PCR primer 
<400> SEQUENCE: 31 

gagaaaaaa atcactggat atac 24 



<310> SEQ ID NO 32 

<21X> LENGTH: 27 

<212> TYPE : DNA 

<213> ORGANISM: Artificial 

<220> PEATURB : 

<223> OTHER INFORMATION: PCR primer 
<400> SEQUENCE: 32 

ggggatcctt acgccccgcc ctgccac 27 



<210> SEQ ID NO 33 

<211> LENGTH: 35 

<212> TYPE: DNA 

<213> ORGANISM: Artificial 

<220> FEATURE: 

<223> OTHER INFORMATION: PCR primer 
<400> SEQUENCE: 33 

cgacatagtc tagaccgcca agatgagagt gatgg 35 



<210> SEQ ID NO 34 

<211> LENGTH: 35 

<212> TYPE: DNA 

<213> ORGANISM: Artificial 

<220> PEATURE: 

<223> OTHER INFORMATION: PCR primer 

<400> SEQUENCE: 34 

gatctctaga ttattgcaaa gctgcttcaa agccc 35 



<2L0> SEQ ID NO 35 

<211> LENGTH: 28 

<212> TYPE: DNA 

<213> ORGANISM: Artificial 

<220> FEATURE: 

<223> OTHER INFORMATION: PCR primer 
<400> SEQUENCE: 35 

ccatcgatct attccagaag tagtgagg 28 



<210> SEQ ID HO 3 6 

<211> LENGTH: 20 

c212> TYPE: DNA 

<213> ORGANISM: Artificial 

<220> FEATURE: 

<2 23> OTHER INFORMATION: PCR primer 
<400> SEQUENCE: 36 



caatcgccgc gagttctatg 



20 
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<210> SEQ ID NO 37 

<211> LENGTH: 25 

<212> TYPE: DNA 

<213> ORGANISM: Artificial 

<22Q> FEATURE: 

<223> OTHER INFORMATION: PCR primer 
<400> SEQUENCE: 37 

gttcccgttc cagccaatgt atccg 25 

<210> SEQ ID NO 38 

<2ll> LENGTH: 20 

<212> TYPE: DNA 

<2I3> ORGANISM: Artificial 

<220> FEATURE: 

<223> OTHER INFORMATION: PCR primer 
<4 00> SEQUENCE : 38 

taagagccgc gagcgatcct 20 



<210> SEQ ID NO 39 

<211> LENGTH: 49 

<212> TYPE: DNA 

<213> ORGANISM: Artificial 

<22 0> FEATURE: 

<223> OTHER INFORMATION: PCR primer 
<400> SEQUENCE: 39 

ccgcgagttc tatgtaagcg gcgcgccaat tgttacagac acatggtgg 49 



<210> SEQ ID NO 40 

<211> LENGTH: 49 

<212> TYPE: DNA 

<213> ORGANISM: Artificial 

<220> FEATURE: 

<223> OTHER INFORMATION: PCR primer 
<400> SEQUENCE: 40 

ccaccatgtg tctgtaacaa ttggcgcgcc gcttacatag aactcgcgg 49 



c210> SEQ ID NO 41 

<211> LENGTH: 24 

<212> TYPE: DNA 

<213> ORGANISM: Artificial 

<220> FEATURE: 

<223> OTHER INFORMATION: PCR primer 
<400> SEQUENCE: 41 

gctctttttg cgaagacaca taat 24 



<210> SEQ ID NO 42 

<211> LENGTH: 36 

<212> TYPE: DNA 

<213> ORGANISM: Artificial 

<220> FEATURE: 

<223> OTHER INFORMATION: PCR primer 
<400> SEQUENCE: 42 

tcggcgcgcc ttcttcggtt tcttagcgga tggccc 36 



<210> SEQ ID NO 43 

<211> LENGTH: 31 

<212> TYPE: DNA 

<213> ORGANISM: Artificial 

<220> PEATURE: 

<223> OTHER INFORMATION: PCR primer 
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<400> SEQUENCE : 43 

ttggcgcgcc ctcccaacat gactgggaac g 

<210> SEQ ID NO 44 

<211> LENGTH: 37 

<212> TYPE: DNA 

<213> ORGANISM: Artificial 

<220> FEATURE : 

<223> OTHER INFORMATION: PCR primer 
<400> SEQUENCE: 44 

CCggcgcgcc tgtaatagcc ttggggtttc tcatggg 



What is claimed is: selected from the group consisting of Sindbis virus, SFV, 

1 . A recombinant replicon nucleic acid comprising: VEE, S. A. AR86 virus, Ross River virus, EEE and WEE. 

a) a nucleic acid sequence encoding a 5* alphavirus repli- 20 13. The recombinant replicon nucleic acid of claim 1, 
cation recognition sequence; wherein the alphavirus subgenomic promoter of (c) is from an 

b) a nucleic acid sequence encoding an alphavirus non- alphavirus selected from the group consisting of Sindbis 
structural protein; virus, SFV, VEE, S.A. AR86 virus, Ross River virus, EEE and 

c) an alphavirus subgenomic promoter-IRES -heterologous WEE. 

nucleic acid of interest (NOI) cassette, which is in the 5* 25 14. The recombinant replicon nucleic acid of claim 1, 

to 3* orientation; and wherein the nucleic acid sequence of (d) is from an alphavirus 

d) a nucleic acid encoding a 3' alphavirus replication rec- selected from the group consisting of Sindbis virus, SFV, 
ognition sequence. VEE, S.A. AR86 virus, Ross River virus, EEE and WEE. 

2. The recombinant replicon nucleic acid of claim 1, 15. The recombinant replicon nucleic acid of claim 1, 
wherein the nucleic acid sequence of (b) is a contiguous 30 wherein the IRES of (c) directs the translation of the gene 
nucleotide sequence encoding alphavirus nonstructural pro- product encoded by the heterologous NOI of (c), such that at 
teins nspl , nsp2, nsp3 and nsp4. least 80% of the translation of the gene product encoded by 

3. The recombinant replicon nucleic acid of claim 1, the heterologous NOI is controlled by the activity of the 
wherein the nucleic acid sequence of (b) is a contiguous IRES. 

nucleotide sequence encoding alphavirus nonstructural pro- 3 16. The recombinant replicon nucleic acid of claim 1, 

teins nspl , nsp2 and nsp3 and wherein the recombinant rep- wherein the IRES of (c) directs the translation of the gene 

licon nucleic acid comprises nucleotide sequence encoding product encoded by the heterologous NOI of (c) such that at 

alphavirus nonstructural protein nsp4 that is not contiguous least 10% of the translation of the gene product encoded by 

with the nucleic acid sequence of (b). the heterologous NOI is controlled by the activity of the 

4. The recombinant replicon nucleic acid of claim 1, IRES. 

wherein the IRES is selected from the group consisting of 17. The recombinant replicon nucleic acid of claim 1, 

cellular IRESs, plant IRESs, mammahan virus IRESs, syn- wherein the nucleic acid is RNA. 

thetic IRESs and insect virus IRESs. 18 ^ recombinant replicon nucleic acid of claim 1, 

5. The recombinant replicon nucleic acid of claim 1, 45 wherein the nucleic acid is DNA. 

wherein the alphavirus subgenomic promoter of (c) is amini- l9 A replicon nuclejc acid comprising: 

mal ormodified alphavirus subgenomic promoter ce a 5 , ^ 

6. The recombinant replicon nucleic acid of claim 1, cation recoenition sequence- 

wherein the heterologous NOI of (b) encodes a protein or , x , . ™, ™ ' . ' , , . 

pgptj^ b) a nuclejc acid sequence encoding an alphavirus non- 

7. The recombinant replicon nucleic acid of claim 1, 5 ° structural protein; 

wherein the heterologous NOI is an antisense sequence. c )*n alphavirus subgenomic promoter-IRES-heterologo us 

8. The recombinant replicon nucleic acid of claim 1, nucleic acid of "Merest (NOI) cassette, said cassette fur- 
wherein the heterologous NOI encodes a ribozyme. *«r comprising a spacer non-coding nucleic acid V to 

9. Therecombmantrepliconnucleicacidofclaiml,rmther 55 the alphavirus subgenomic promoter and 5* to the IRES; 
comprising a nucleotide sequence encoding an alphavirus ^ 

structural protein. a nucleic acid encoding a 3* alphavirus replication rec- 

10. The recombinant replicon nucleic acid of claim 9, ognition sequence. 

wherein the alphavirus structural protein is from an alphavi- 20. The recombinant replicon nucleic acid of claim 19, 

rus selected from the group consisting of Sindbis virus, SFV, 60 wherein the spacer non-coding nucleic acid sequence is at 

VEE, S.A. AR86 virus, Ross River virus, EEE and WEE. least 30 nucleotides in length. 

11. The recombinant replicon nucleic acid of claim 1, 21. The recombinant replicon nucleic acid of claim 19, 
wherein the nucleic acid sequence of (a) is from an alphavirus wherein the spacer non-coding nucleic acid sequence is 
selected from the group consisting of Sindbis virus, SFV, between 25 and 7500 nucleotides in length. 

VEE, S.A. AR86 virus, Ross River virus, EEE and WEE. 65 22. The recombinant replicon nucleic acid of claim 19, 

12. The recombinant replicon nucleic acid of claim 1, wherein the spacer non-coding nucleic acid sequence is 
wherein the nucleic acid sequence of (b) is from an alphavirus between 1 50 and 1 000 nucleotides in length. 
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23. An alphavirus particle comprising the recombinant rep- 
licon nucleic acid of claim 1. 

24. An alphavirus particle comprising the recombinant rep- 
licon nucleic acid of claim 19. 

25. A population of infectious, defective, alphavirus par- 
ticles, wherein each particle comprises the alphavirus particle 
of claim 23, and the population has no detectable replication- 
competent virus, as measured by passage on cell culture. 

26. A population of infectious, defective, alphavirus par- 
ticles, wherein each particle comprises the alphavirus particl e 
of claim 24, and the population has no detectable replication- 
competent virus, as measured by passage on cell culture. 

27. A pharmaceutical composition comprising the popula- 
tion of claim 25 in a pharmaceutically acceptable carrier. 

28. A pharmaceutical composition comprising the popula- 
tion of claim 26 in a pharmaceutically acceptable carrier. 

29. The alphavirus particle of claim 23, comprising an 
attenuating mutation. 

30. The alphavirus particle of claim 24, comprising an 
attenuating mutation. 

31. The recombinant replicon nucleic acid of claim 1, 
comprising an attenuating mutation. 

32. The recombinant replicon nucleic acid of claim 19, 
comprising an attenuating mutation. 

33. A population of infectious, defective, alphavirus par- 
ticles, comprising the alphavirus particle of claim 23. 

34. A population of infectious, defective, alphavirus par- 
ticles, comprising the alphavirus particle of claim 24. 

35. A composition comprising the population of claim 33, 
in a pharmaceutically acceptable carrier. 

36. A composition comprising the population of claim 34, 
in a pharmaceutically acceptable carrier. 

37. A method of making infectious, defective alphavirus 
particles, comprising: 

a) introducing into a cell the following: 

(i) the recombinant replicon nucleic acid of claim 1, and 

(ii) one or more helper nucleic acids encoding alphavi- 
rus structural proteins , wherein the one or more helper 
nucleic acids produce all of the alphavirus structural 
proteins; and 

b) producing the alphavirus particles in the cell. 

38. The method of claim 37, wherein the recombinant 
replicon nucleic acid further comprises a nucleotide sequence 
encoding an alphavirus structural protein. 

39. The method of claim 37, wherein the helper nucleic 
acid is a recombinant nucleic acid comprising a 5' alphavirus 
replication recognition sequence, an alphavirus subgenomic 
promoter, a nucleic acid encoding an alphavirus structural 
protein and a 3' alphavirus replication recognition sequence. 

40. The method of claim 37, wherein the helper nucleic 
acid is a recombinant nucleic acid comprising a promoter and 
nucleotide sequences encoding one or more alphavirus struc- 
tural proteins. 

41. The method of claim 40, wherein the helper nucleic 
acid is DNA. 

42. The method of claim 41, wherein the promoter is a 
CMV promoter. 

43. The method of claim 41, wherein the helper nucleic 
acid comprises nucleotide sequences encoding all of the 
alphavirus structural proteins. 

44. The method of claim 37, wherein the helper nucleic 
acid is a recombinant nucleic acid comprising a 5* alphavirus 
replication recognition sequence, an IRES element, a nucle- 
otide sequence encoding an alphavirus structural protein and 
a y alphavirus replication recognition sequence. 
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45. A recombinant nucleic acid comprising: 

a) a 5' alphavirus replication recognition sequence; 

b) an alphavirus subgenomic promoter-IRES-heterologous 
NOI cassette, which is in the 5' to 3' orientation, wherein 

5 the NOI encodes one or more alphavirus structural pro- 
teins; and 

c) a 3' alphavirus replication recognition sequence. 

46. A method of making infectious, defective alphavirus 
particles, comprising: 

a) introducing into a cell the following: 

i) the recombinant replicon RNA of claim 1; and 

ii) one or more helper nucleic acids encoding alphavirus 
structural proteins, wherein the helper nucleic acid(s) 

15 comprise a recombinant nucleic acid comprising: 

a) a 5* alphavirus replication recognition sequence; 

b) an alphavirus subgenomic promoter-] RES -heterologous 
NOI cassette, which is in the 5' to 3* orientation, wherein 
the NOI encodes one or more alphavirus structural pro- 

20 teins; 

c) and a 3' alphavirus replication recognition sequence, 
whereby all of the alphavirus structural proteins are 
produced in the cell; and 

b) producing the alphavirus particles in the cell. 
25 47. A method of making infectious, defective alphavirus 
particles, comprising: 
a) introducing into a cell the following: 
i) an alphavirus replicon RNA comprising a 5' alphavi- 
rus replication recognition sequence, nucleic acid 
3 sequences) encoding alphavirus nonstructural pro- 

teins, an alphavirus subgenomic promoter, a heterolo- 
gous nucleic acid sequence and a 3' alphavirus repli- 
cation recognition sequence; and 
35 ii) one or more helper nucleic acids encoding alphavirus 
structural proteins, wherein the helper nucleic acid(s) 
comprise the recombinant nucleic acid of claim 45, 
whereby all of the alphavirus structural proteins are 
produced in the cell; and 
^ b) producing the alphavirus particles in the cell. 

48. An isolated cell comprising the recombinant nucleic 
acid of claim 45. 

49. The recombinant replicon nucleic acid of claim 1, 
further comprising an alphavirus packaging signal. 

45 50. The recombinant replicon nucleic acid of claim 19, 
further comprising an alphavirus packaging signal. 

51. A recombinant nucleic acid comprising: 

a) a 5' alphavirus replication recognition sequence; 

b) an alphavirus subgenomic promoter-IRES-heterologous 
50 NOI cassette, said cassette further comprising a spacer 

non-coding nucleic acid 3' to the alphavirus subgenomic 
promoter and 5' to the IRES, wherein the NOI encodes 
one or more alphavirus structural proteins; 

c) and a 3' alphavirus replication recognition sequence. 

52. A method of eliciting an immune response in a subject, 
comprising administering to the subject an immunogenic 
amount of the population of claim 25. 

53. A method of eliciting an immune response in a subject, 
go comprising administering to the subject an immunogenic 

amount of the population of claim 26. 

54. A method of eliciting an immune response in a subject, 
comprising administering to the subject an immunogenic 
amount of the composition of claim 27. 

65 55. A method of eliciting an immune response in a subject, 
comprising administering to the subject an immunogenic 
amount of the composition of claim 28. 
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56. A recombinant replicon nucleic acid comprising: 

a) a nucleic acid sequence encoding a 5* alphavirus repli- 
cation recognition sequence; 

b) a nucleic acid sequence encoding an alphavirus non- 
structural protein; 

c) a first alphavirus subgenomic promoter-lRES-heterolo- 
gous NOI cassette, which is in the 5' to 3' orientation; 

d) a second alphavirus subgenomic promoter-IRES-heter- 
ologous NOI cassette, which is in the 5' to 3' orientation; 
and 

e) a nucleic acid encoding a 3' alphavirus replication rec- 
ognition sequence. 

57. The recombinant replicon nucleic acid of claim 56, 
further comprising an alphavirus packaging signal. 

58. A recombinant replicon nucleic acid comprising: 

a) a nucleic acid sequence encoding a 5' alphavirus repli- 
cation recognition sequence; 

b) a nucleic acid sequence encoding an alphavirus non- 
structural protein; 

c) a first alphavirus subgenomic promoter-IRES-heterolo- 
gous NOI cassette, said cassette further comprising a 
first spacer non-coding nucleic acid 3' to the alphavirus 
subgenomic promoter and 5' to the IRES; 

d) a second alphavirus subgenomic promo t er-I RE S-heter- 
ologous NOI cassette, said cassette further comprising a 
first spacer non-coding nucleic acid 3' to the alphavirus 
subgenomic promoter and 5' to the IRES; and 

e) a nucleic acid encoding a 3 1 alphavirus replication rec- 
ognition sequence. 

59. The recombinant replicon nucleic acid of claim 19, 
wherein the nucleic acid sequence of (b) is a contiguous 
nucleotide sequence encoding alphavirus nonstructural pro- 
teins nspl , nsp2, nsp3 and nsp4. 

60. The recombinant replicon nucleic acid of claim 19, 
wherein the nucleic acid sequence of (b) is a contiguous 
nucleotide sequence encoding alphavirus nonstructural pro- 
teins nspl , nsp2 and nsp3 and wherein the recombinant rep- 
licon nucleic acid comprises a nucleotide sequence encoding 
alphavirus nonstructural protein nsp4 that is not contiguous 
with the nucleic acid sequence of (b). 

61. The recombinant replicon nucleic acid of claim 19, 
wherein the IRES is selected from the group consisting of 
cellular IRESs, plant IRESs, mammalian virus IRESs, syn- 
thetic IRESs and insect virus IRESs. 

62. The recombinant replicon nucleic acid of claim 19, 
wherein the alphavirus subgenomic promoter of (c) is a mini- 
mal or modified alphavirus subgenomic promoter. 

63. The recombinant replicon nucleic acid of claim 19, 
wherein the heterologous NOI of (b) encodes a protein or 
peptide. 

64. The recombinant replicon nucleic acid of claim 19, 
wherein the heterologous NOI is an an ti sense sequence. 

65. The recombinant replicon nucleic acid of claim 19, 
wherein the heterologous NOI encodes a ribozyme. 

66. The recombinant replicon nucleic acid of claim 19, 
further comprising a nucleotide sequence encoding an 
alphavirus structural protein. 

67. The recombinant replicon nucleic acid of claim 66, 
wherein the alphavirus structural protein is from an alphavi- 
rus selected from the group consisting of Sindbis virus, SFV, 
VEE, S.A. AR86 virus, Ross River virus, EEE and WEE. 

68. The recombinant replicon nucleic acid of claim 19, 
wherein the nucleic acid sequence of (a) is from an alphavirus 
selected from the group consisting of Sindbis virus, SFV, 
VEE, S. A. AR86 virus, Ross River virus, EEE and WEE. 
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69. The recombinant replicon nucleic acid of claim 19, 
wherein the nucleic acid sequence of (b) is from an alphavirus 
selected from the group consisting of Sindbis virus, SFV, 
VEE, S.A. AR86 virus, Ross River virus, EEE and WEE 
5 70. The recombinant replicon nucleic acid of claim 19, 
wherein the alphavirus subgenomic promoter of (c) is from an 
alphavirus selected from the group consisting of Sindbis 
virus, SFV, VEE, S.A. AR86 virus, Ross River virus, EEE and 
WEE. 

10 71. The recombinant replicon nucleic acid of claim 19, 
wherein the nucleic acid sequence of (d) is from an alphavirus 
selected from the group consisting of Sindbis virus, SFV, 
VEE, S.A. AR86 virus, Ross River virus, EEE and WEE. 
72. The recombinant replicon nucleic acid of claim 19, 

IS wherein the IRES of (c) directs the translation of the gene 
product encoded by the heterologous NOI of (c), such that at 
least 80% of the translation of the gene product encoded by 
the heterologous NOI is controlled by the activity of the 
IRES. 

20 73. The recombinant replicon nucleic acid of claim 19, 
wherein the IRES of (c) directs the translation of the gene 
product encoded by the heterologous NOI of (c) such that at 
least 10% of the translation of the gene product encoded by 
the heterologous NOI is controlled by the activity of the 

25 IRES. 

74. The recombinant replicon nucleic acid of claim 19, 
wherein the nucleic acid is RNA. 

75. The recombinant replicon nucleic acid of claim 19, 
wherein the nucleic acid is DNA. 

30 76. An isolated cell comprising the recombinant replicon 
nucleic acid of claim 19. 

77. An isolated cell comprising the recombinant replicon 
nucleic acid of claim 1. 

78. An isolated cell comprising the recombinant nucleic 
35 acid of claim 51. 

79. A method of making infectious, defective alphavirus 
particles, comprising: 

a) introducing into a cell the following: 

(i) the recombinant replicon nucleic acid of claim 19, 
40 and 

(ii) one or more helper nucleic acids encoding alphavi- 
rus structural proteins, wherein the one or more helper 
nucleic acids produce all of the alphavirus structural 
proteins; and 

45 b) producing the alphavirus particles in the cell. 

80. The method of claim 79, wherein the recombinant 
replicon nucleic acid further comprises a nucleotide sequence 
encoding an alphavirus structural protein. 

81. The method of claim 79, wherein the helper nucleic 
50 acid is a recombinant nucleic acid comprising a 5* alphavirus 

replication recognition sequence, an alphavirus subgenomic 
promoter, a nucleic acid encoding an alphavirus structural 
protein and a 3' alphavirus replication recognition sequence. 

82. The method of claim 79, wherein the helper nucleic 
55 acid is a recombinant nucleic acid comprising a promoter and 

nucleotide sequences encoding one or more alphavirus struc- 
tural proteins. 

83. The method of claim 82, wherein the helper nucleic 
acid is DNA. 

60 84. The method of claim 82, wherein the promoter is a 

CMV promoter. 
85. The method of claim 82, wherein the helper nucleic 

acid comprises nucleotide sequences encoding all of the 

alphavirus structural proteins. 
65 86. The method of claim 79, wherein the helper nucleic 

acid is a recombinant nucleic acid comprising a 5* alphavirus 

replication recognition sequence, an IRES element, a nucle- 
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otide sequence encoding an alphavirus structural protein and 
a 3' alphavirus replication recognition sequence. 

87. A method of making infectious, defective alphavirus 
particles, comprising: 

a) introducing into a cell the following: 

i) an alphavirus replicon RNA comprising a 5' alphavi- 
rus replication recognition sequence, nucleic acid 
sequenced) encoding alphavirus nonstructural pro- 
teins, an alphavirus subgenomic promoter, a heterolo- 
gous nucleic acid sequence and a 3' alphavirus repli- 
cation recognition sequence; and 

ii) one or more helper nucleic acids encoding alphavirus 
structural proteins, wherein the helper nucleic acid(s) 
comprise the recombinant nucleic acid of claim 51, 
whereby all of the alphavirus structural proteins are 
produced in the cell; and 

b) producing the alphavirus particles in the cell. 

88. A method of making infectious, defective alphavirus 
particles, comprising: 

a) introducing into a cell the following: 

i) the recombinant replicon RNA of claim 19; and 

ii) one or more helper nucleic acids encoding alphavirus 
structural proteins, wherein the helper nucleic acid(s) 
comprise a recombinant nucleic acid comprising: 
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a) a 5* alphavirus replication recognition sequence; 

b) an alphavirus subgenomic promoter-IRES-heterologous 
NOl cassette, which is in the 5* to 3' orientation, wherein 
the NOI encodes one or more alphavirus structural pro- 

5 teins; 

c) and a 3* alphavirus replication recognition sequence, 
whereby all of the alphavirus structural proteins are 
produced in the cell; and 

b) producing the alphavirus particles in the cell. 

89. The recombinant nucleic acid of claim 6, wherein the 
peptide is an immunogen. 

90. The recombinant nucleic acid of claim 63, wherein the 
peptide is an immunogen. 

l5 9 1 . An infectious defective alphavirus particle produced by 
the method of claim 37. 

92 . An infectious defective alphavirus particle produced by 
the method of claim 46. 

93 . An infectious defective alphavirus particle produced by 
20 the method of claim 79. 

94. An infectious defective alphavirus particle produced by 
the method of claim 88. 
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UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF COLUMBIA 



WYETH, et al., 

Plaintiffs, 



v. 



Civil Action No. 07-1492 (JR) 



JON W. DUDAS , Under Secretary of 
Commerce for Intellectual 
Property and Director of U.S. 
Patent and Trademark Office, 

Defendant . 

MEMORANDUM OPINION 

Plaintiffs here take issue with the interpretation that 
the United States Patent and Trademark Office (PTO) has imposed 
upon 35 U.S.C. § 154, the statute that prescribes patent terms. 
Section 154(a) (2) establishes a term of 20 years from the day on 
which a successful patent application is first filed. Because 
the clock begins to run on this filing date, and not on the day 
the patent is actually granted, some of the effective term of a 
patent is consumed by the time it takes to prosecute the 
application. To mitigate the damage that bureaucracy can do to 
inventors, the statute gtants extensions of patent terms for 
certain specified kinds of PTO delay, 35 U.S.C. § 154(b)(1) (A), 
and, regardless of the reason, whenever the patent prosecution 
takes more than three years. 35 U.S.C. § 154(b) (1) (B) . 
Recognizing that the protection provided by these separate 
guarantees might • overlap, Congress has forbidden double-counting: 
"To the extent that periods of delay attributable to grounds 
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specified in paragraph (1) overlap, the period of any adjustment 
granted under this subsection shall not exceed the actual number* 
of days the issuance of the patent was delayed." 35 U.S.C. 
§ 154(b) (2) (A) - Plaintiffs claim that the PTO has misconstrued or 
misapplied this provision, and that the PTO is denying them a 
portion of the term Congress has provided for the protection of 
their intellectual property rights. 

Statutory Scheme 
Until 1994 ■, patent terms were 17 years from the date of 
issuance. See 35 U.S.C. § 154 (1992) PEvery patent shall 
contain ... a grant . . . for the term of seventeen years . . . 
of the right to exclude others from making, using, or selling the 
invention throughout the United States. . . ."). In 1994, in 
order to comply with treaty obligations under the General 
Agreement on Tarrif f s and Trade (GATT) , the statute was amended 
to provide a 20-year term from the date on which the application 
is first filed. See Pub. L. No. 103-465, § 532, 108 Stat. 4809, 
4984 (1994) . In 1999, concerned that extended prosecution delays 
could deny inventors substantial portions of their effective 
patent terms under the new regime,. Congress enacted the American 
Inventors Protection Act, a portion of which — referred to as 
the Patent Term Guarantee Act of 1999 — provided for the 
adjustments that are at issue in this case. Pub. L. No. 106-113, 
§§ 4401-4402, 113 Stat. 1501, 1501A-557 (1999) . 



- 2 - 
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As currently codified, 35 U.S.C. § 154(b) provides 
three guarantees of patent term, two of which are at issue here. 
The first is found in subsection (b) (1) <A) , the "[guarantee of 
prompt Patent and Trademark Office response. " It provides a one- 
day extension of patent term for every day that issuance of a 
patent is delayed by a failure of the PTO to comply with various 
enumerated statutory deadlines: fourteen months for a first 
office action; four months to respond to a reply; four months to 
issue a patent after the fee is paid; and the like. See 35 
U.S.C. § 154(b) (1) (A) (i)-(iv). Periods of delay that fit under 
this provision are called "A -delays" or "A periods." The second 
provision is the "[gluarantee of no more than 3-year application 
pendency." Under this provision, .a one-day term extension is 
granted for every day greater than three years after the filing 
date that it takes for the patent to issue, regardless of whether 
the delay is the fault of the PTO. 1 See 35 U.S.C. 
§ 154(b) (1) (B) . The period that begins after the three-year 
window has closed is referred to as the delay" or the "B 
period". PC delays," delays resulting from interferences, 
secrecy orders, and appeals, are similarly treated but were not 
involved in the patent applications underlying this suit.) 



1 Certain reasons for exceeding the three-year pendency 
period are excluded, see 35 U.S.C. § 154 (b) (1) (b) (i)-(iii), as 
are periods attributable to the applicant's own delay. See 35 
U.S.C. § 154 (b) (2) (C) . 

- 3 - 
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The extensions granted for 'A, B, and C delays are 
subject to the following limitation: 

(A) In general. — To the extent that 
periods of delay attributable to 
grounds specified in paragraph (1) 
overlap, the period of any 
adjustment granted under this 
subsection shall not exceed the 
actual number of days the issuance 
of the patent was delayed. 

35 U.S.C. § 154(b) (2) (A). This provision is manifestly intended 
to prevent double-counting of periods of delay, but understanding 
that intent does not answer the question of what is double- 
counting and what is not. Proper interpretation of this 
proscription against windfall extensions requires an assessment 
of what- it means for "periods of delay" to "overlap." 

The PTO, pursuant to its power under 35 U.S.C. 
§ 154(b) (3) (A) to "prescribe regulations establishing procedures 
for the application for and determination of patent term 
adjustments," has issued final rules and an "explanation" of the 
rules, setting forth its authoritative construction of the 
double-counting provision. The rules that the PTO has 
. promulgated essentially parrot the statutory text, see 37 C.F.R. 
§ 1.703(f), and so the real interpretive act is found in 
something the PTO calls its Explanation of 37 CFR 1.703(f) and of 
the United States Patent and Trademark Office Interpretation of 
35 U.S.C. § 154(b) (2) (A), which was published on June 21, 2004, 
at 69 Fed. Reg. 34238. Here, the PTO "explained" that: 

- 4 - 
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the Office has consistently taken 
the position that if an application 
is entitled to an adjustment under 
the three-year pendency provision 
of 35 U.S.C. § 154(b)(1)(B), the 
entire period during which the 
application was pending before the 
Office (except for periods excluded 
under 35 U.S.C. § 154(b) (1) (B) 
(i)-(iii)), and not just the period 
beginning three years after the 
actual filing date of the 
application, is the relevant period 
under 35 U.S.C. § 154(b)(1)(B) in 
determining whether periods of 
delay "overlap" under 35 U.S.C. 
154(b) (2) (A) . 

69 Fed. Reg. 34238 (2004) (emphasis added). In short, the PTO' s 
view is that any administrative delay under § 154(b) (1) (A) 
overlaps any 3-year maximum pendency delay under § 154(b) (1) (B) : 
the applicant gets credit for "A delay" or for "B delay," 
whichever is larger, but never A + B. 

In the plaintiffs' submission, this interpretation does 
not square with the language of the statute. They argue that the 
«A period" and "B period" overlap only if they occur on the same 
calendar day or days. Consider this example, proffered by 
plaintiff: A patent application is filed on 1/1/02. The patent 
issues on 1/1/08, six years later. In that six-year period are 
two "A periods," each one year long: (1) the 14-month deadline 
for first office action is 3/1/03, but the first office action 
does not occur until 3/1/04, one year late; (2) the 4-month 
deadline for patent issuance after payment of the issuance fee is 
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1/1/07, but the patent does not issue until 1/1/08, another year 
of delay attributable to the PTO. According to plaintiff, the *B 
period" begins running on 1/1/05, three years after the patent 
application was filed, and ends three years later, with the 
issuance of the patent on 1/1/08. In this example, then, the 
first "A period" does not overlap the N> B period," because it 
occurs in 2003-04, not in 2005-07. The second "A period," which 
covers 365 of the same days covered by the XV B period," does 
overlap. Thus, in plaintiff's submission, this patent holder is 
entitled to four years of adjustment (one year of "A period'' 
delay + three years of "B period" delay) . But in the PTO's view, 
since "the entire period during which the application was pending 
before the office" is considered to be "B period" for purposes of 
identifying "overlap, " the patent holder gets only three years of 
adjustment. 

Chevron Deference 
We must first decide whether the PTO' s interpretation 
is entitled to deference under Chevron v. NRDC , 467 U.S. 837 
(1984) . No, the plaintiffs argue, because, under the Supreme 
Court's holdings in Gonzales v. Oregon , 546 U.S. 243 (2006), and 
United States v. Mead Corp. , 533 U.S. 218 (2001), Congress has 
not "delegated authority to the agency generally to make rules 
carrying the force of law," and in any case the interpretation at 
issue here was not promulgated pursuant to any such authority. 
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Statutory Construction 
Chevron would not save the PTO's interpretation, 
however, because it cannot be reconciled with the plain text of 
the statute. If the statutory text is not ambiguous enough to 
permit the construction that the agency urges, that construction 
fails at Chevron's "step one," without regard to whether it is a 
reasonable attempt to reach a result that Congress might have 
intended. See, e.g. , MCI v. AT&T , 512 U.S. 218, 229 (1994) 
("[A]n agency's interpretation of a statute is not entitled to 
deference when it goes beyond the meaning that the statute can 
bear.") . 

The operative question under 35 U.S.C. § 154(b) (2) (A) 
is whether "periods of delay attributable to grounds specified in 
paragraph (1) overlap." The only way that periods of time can 
"overlap" is if they occur on the same day. If an "A delay" 
occurs on one calendar day and a "B delay" occurs on another, 
they do not overlap, and § 154(b) (2) (A) does not limit the 
extension to one day. Recognizing this, the PTO defends its 
interpretation as essentially running the "period of delay" under 
subsection (B) from the filing date of the patent application, 
such that a period of delay" always overlaps with any periods 
of "A delay" for the purposes of applying § 154(b) (2) (A) . 

The problem with the PTO' s construction is that it 
considers the application delayed under § 154(b) (1) (B) during the 



- 8 - 



Case 1 :09-cv-00730-EGS Document 1 Filed 04/21/2009 Page 58 of 60 



period before it has been delayed . That construction cannot be 
squared with the language of § 154(b) (1) (B) , which applies "if 
the issue of an original patent is delayed due to the failure of 
the United States Patent and Trademark Office to issue a patent 
within 3 years." (Emphasis added.) "B delay" begins when the 
PTO has failed to issue a patent within three years, not before. 

The PTO' s interpretation appears to be driven by 
Congress's admonition that any term extension "not exceed the 
actual number of days the issuance of the patent was delayed," 
and by the PTO' s view that "A delays" during the first three 
years of an applications' pendency inevitably lead to "B delays" 
in later years. Thus, as the PTO sees .it, if plaintiffs' 
construction is adopted, one cause of delay will be counted 
twice: once because the PTO has failed to meet and administrative 
deadline, and again because that failure has pushed back the 
entire processing of the application into the "B period." 
Indeed, in the example set forth above, plaintiffs' calendar-day 
construction does result in a total effective patent term of 18 
years under the (B) guarantee, so that - again from the PTO's 
viewpoint ™ the applicant is not "compensated" for the PTO's 
administrative delay, he is benefitted by it. 

But if subsection (B) had been intended to guarantee a 
17-year patent term and no more , it could easily have been 
written that way. It is true that the legislative context — as 
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distinct from the legislative history — suggests that Congress 
may have intended to use subsection (B) to guarantee the 17-year 
term provided before GATT. But it chose to write a * [gjuarantee 
of no more than 3~year application pendency, " 35 U.S.C. 
§ 154(b) (1) (B) , not merely a guarantee of 17 effective years of 
patent term, and do so using language separating that guarantee 
from a different promise of prompt administration in subsection 
(A) . The PTO's efforts to prevent windfall extensions may be 
reasonable — they may even be consistent with Congress's 
intent — but its interpretation must square with Congress's 
words. If the outcome commanded by that text is an unintended 
result, the problem is for Congress to remedy, not the agency. 

JAMES ROBERTSON 
United States District Judge 
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UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OP COLUMBIA 



Civil Action No. 07-1492 (JR) 



WYETH, et al., 

Plaintiffs, 

v. 

JON W. DUDAS , Under Secretary of 
Commerce for Intellectual 
Property and Director of U.S. 
Patent and Trademark Office, 

Defendant . 

ORDER 

For the reasons stated in the accompanying memorandum 
opinion, plaintiffs' motion for summary judgment [12] is GRANTED 
and defendant's motion for summary judgment [16] is DENIED. The 
case is remanded to the agency for further proceedings that are 
consistent with this opinion. 



JAMES ROBERTSON 
United States District Judge 



